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Art.  I.  —  Results  derived  from  an  examination  of  the  United 
States  Weather  Maps  for  1872  and  1873  ;  by  Elias  Loomis, 
Professor  of  Natural  Philosophy  in  Yale  College.  Second 
Paper.     With  Plate  L 

(Betd  before  the  Kational  Academj  of  Sdenoes,  Philadelphia,  Not.  3,  1874.) 

Bi/redion  and  velocity  of  the  wind  within  areas  of  maosimum 

pressure. 

In  order  to  deduce  from  the  weather  maps  the  laws  of  the 
wind's  motion  within  an  area  of  maximum  pressure,  I  pro- 
ceeded in  substantially  the  same  manner  as  in  the  case  of  areas 
of  low  barometer,  described  in  my  first  article,  page  6  (see  this 
Joomal,  July,  1874).    I  selected  all  those  cases  in  which  an  area 
of  maximum  pressure,  or  high  barometer,  was  so  situated  that 
tfie  direction  and  velocity  of  the  wind  were  given  at  a  considera- 
ble number  of  stations  tor  at  least  half  of  the  entire  area.    Then 
placing  a  wire  cro&s  upon  one  of  the  weather  maps  over  the  cen- 
ter of  an  area  of  high  barometer,  with  the  wires  pointing  north- 
east and  southwest,  the  area  was  divided  into  four  quadrants, 
which  are  designated  as  the  north,  east,  south  and  west  quadrants. 
Then  banning  with  the  west  quadrant,  I  counted  the  number 
of  stations  at  which  the  wind  was  reported  from  the  north,  also 
the  number  of  observations  from  the  northeast,  the  east,  south- 
east, etc ;  and  in  like  manner  for  each  of  the  four  quadrants. 
The  velocity  of  the  wind  for  the  stations  of  observation  in  the 
different  quadrants  was  also  noted.     The  same  was  done  with 
each  of  the  weather  maps  which  furnished  an  example  suited  to 
this  comparison.     The  total  number  of  cases  derived  from  the 
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weather  maps  of  two  years  (1872-8)  was  188.  All  the  observe 
tions  made  near  the  point  of  maximum  pressure  were  rejected 
generally  all  the  stations  included  with  the  firat  isobar.  Als 
no  observations  were  employed  beyond  the  isobar  30  00,  am 
generally  none  beyond  the  isobar  80 '10.  I  then  found  by  ad 
dition  the  aggregate  number  of  observations  for  each  directio; 
of  the  wind  in  the  several  quadrants,  and  from  these  numbei 
computed  the  wind's  average  direction  for  each  quadrant  Th 
average  velocity  of  the  wind  for  each  quadrant  was  also  de 
termined.  The  following  table  shows  the  resulting  velocitie 
and  directions,  and  I  have  added  a  line  showing  the  angi 
which  the  wind's  direction  makes  with  a  radius  drawn  fron 
the  point  of  greatest  pressure. 


For  high  barometer. 


Velocity  of  wind, 
IHrectioD  of  wind, 
Angle  with  radius, 


West  qoAdrant. 

5*22  miles. 

a  63''  0'  E. 

27*  0' 


Boath  qiuulr»nt. 

6*02  miles. 

N.  29*  65'  B. 

29'  55' 


EMt  qoftdrant. 

6*48  miles. 

N.36-  59' W. 

63'     I' 


North  qiudnitt 
613  mks. 
S.59'  16' V. 
69'  16' 


The  importance  of  these  results  will  be  more  apparent  if  w( 
contrast  them  with  the  results  obtained  for  areas  oi  low  barome 
ter  as  given  in  my  former  article,  pages  6-9.  These  resultj 
are  as  follows : 

-Fbr  low  barometer. 


Yelocitj  of  wind, 
Direction  of  wind. 
Angle  with  radius, 


West  qoAdmit. 

10*1  miles. 

N.68M8'W. 

31"  12' 


Soath  qaadraat. 

8*8  miles. 
8.  40*  25'  W. 

40*  26' 


EMt  qaadrant. 

8*3  miles. 

S.  32-     6'  E. 

67*  54' 


Vorth  qiudrttt. 

7*6  miles. 

N.  42'  3^  R 

42"  33' 


In  order  to  exhibit  these  results  palpably  to  the  eye,  I  havi 
constructed  the  two  following  figures,  in  which  the  arrows  a 


Ko.  1.    FbB  Low  BABOxxmL 


Ka  2.    FdB  High  BAHOiom 


the  four  cardinal  points  show  the  average  direction  of  the  wii 
according  to  the  preceding  tables,  and  the  four  intermedia 
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irrows  show  the  direction  at  the  corresponding  points  as  inter- 
polated from  the  first  four  numbers.  The  lengths  of  the  arrows 
are  proportioned  to  the  velocity  of  the  different  winds. 

From  these  diagrams  it  will  be  apparent  that  in  each  quad- 
rant the  direction  of  the  wind  for  high  barometer  is  nearly  op- 
posite to  the  direction  in  the  same  quadrant  for  low  barometer, 
the  differences  in  the  several  quadrants  being  as  follows : 

West  quadrant      South  qtftidrant.      East  quadrant      North  quadrant 


4*'   12' 


10°  SC 


4°  53' 


16°  42' 


For  high  barometer  the  average  angle  which  the  winds  make 
with  radii  drawn  from  the  point  of  greatest  pressure  is  42**  18' ; 
for  low  barometer  the  average  angle  which  the  winds  make  with 
radii  drawn  from  the  point  of  least  pressure  is  48®  1^  In  each 
case,  therefore,  the  wind's  direction  is  almost  exactly  midway 
between  a  tangential  and  a  radial  movement,  but  approaching 
somewhat  nearer  to  the  latter. 

In  order  to  detennine  to  what  height  above  the  level  of  the 
sea  the  law  of  movement  shown  in  tne  preceding  diagrams  pre- 
vails, I  discussed  the  observations  made  on  the  summit  of  Mt 
Washington  at  an  elevation  of  6,285  feet  above  the  level  of  the 
sea,  in  the  same  manner  as  I  had  already  discussed  the  observa- 
tions ac  the  other  stations,  and  obtained  the  following  results : 


For  low  barometer  on  Mt.  Washington. 


Vdocity  of  wind, 
Direction  of  wind, 
Height  of  barometer 
reduc.  to  aea-level, 


West  qnadnnt. 

49  miles. 
N.  65<»  r  W. 

29-64 


Booth  qiuulrant. 

44  miles. 
N.  760  35'  W. 

29-60 


East  quadrant. 

37  miles, 
a  53"  44'  W. 

29-76 


North  quadrant. 

32  miles. 
N.  20*  6'  B. 

29-76 


For  high  barometer  on  Mt.  Washington, 

South  quadrant.     East  quadrant. 

18  miles.  38  miles. 

N.  40  8'  W. 


West  quadrant. 

32  miles. 
8.  14"  37'  E. 


N.  64'  48'  W. 


30-03 


North  quadrant. 

32  miles. 
N.  67    62'  W. 


30-11 


Velocity  of  wind, 
Direction  of  wind, 
Height  of  barometer 
reduc.  to  sea-level,  30'28  30*21 

These  results  are  graphically  represented  by  the  following  dia- 
grams, Nos.  3  and  4,  in  which,  for  convenience,  the  force  of  the 
wind  is  represented  upon  a  scale  only  one-fourth  as  great  as  in 
the  two  previous  diagrams. 

The  number  of  observations  from  which  the  results  in  Nos. 
3  and  4  are  derived  is  much  less  than  for  Nos.  1  and  2,  and  this 
will  probably  explain  some  anomalies  which  might  be  ex- 
pectea  to  disappear  in  the  average  of  a  greater  number  of  ob- 
servations. 

A  careful  comparison  of  these  diagrams  will  sIjow  that  the 
iriods  represented  in  Nos.  3  and  4  correspond  pretty  well  with 
what  might  be  expected  from  the  winds  represented  in  Nos.  1 
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and  2  struffgling  against  an  upper  current  from  some  N.W. 
quarter.  The  average  direction  of  the  wind  on  the  summit  of 
Mt.  Washington  in  1878  was  from  N.  Te""  W.     If  we  r^ard  this 

No.  3.   Low  Babometbb  ov  Ht.  W.      No.  4.   Hioh  Babombtsb  ok  Ht.  W. 


as  the  normal  wind,  and  the  winds  shown  in  Nos.  1  and  2  to 
be  disturbing  forces  tending  to  interfere  with  the  normal  wind, 
and  we  attempt  to  construct  a  triangle  in  which  two  of  the 
sides  shall  represent  these  two  forces,  and  the  third  shall  repre- 
sent the  wind  actually  observed,  we  shall  obtain  a  satisfactoiy 
construction  •in  six  out  of  the  eight  casea  In  two  cases  the 
construction  fails,  viz.,  for  low  barometer  in  the  west  quadrant 
and  for  hi^h  barometer  in  the  north  quadrant,  but  a  smaU 
change  in  the  value  of  one  of  the  angles  would  render  the  con- 
struction possible.  These  figures  indicate  that  the  average 
amount  of  the  disturbing  force  is  about  equal  to  the  normal 
force  ;  in  other  words,  the  force  of  the  winds  shown  in  NoSb  1 
and  2,  at  the  height  of  6,286  feet,  is  about  equal  to  the  force  of 
the  normal  current  which  prevails  at  that  elevation.  *  It  seems, 
therefore,  reasonable  to  infer  that  at  the  height  of  5,000  feet, 
the  winds  shown  in  Nos.  1  and  2  must  generally  be  strong 
enough  entirely  to  displace  the  normal  current  at  that  height 

It  will  be  noticed  that  "  for  high  barometer  on  Mt.  Washing- 
ton," the  average  height  of  the  barometer  was  small,  particu- 
larly for  the  east  quaarant  But  for  the  same  dates,  the  ave^ 
age  height  at  Burlington,  Vt,  was  30*35  inches,  which  suggests 
the  idea  that  in  those  cases  the  reduction  of  the  Mt  Washing- 
ton observations  to  the  level  of  the  sea  was  too  great 

A  comparison  of  diagrams  1  and  2  cannot  fail  to  suggest  the 
idea  that  a  high  barometer  must  exert  an  important  influence 
upon  .a  neighboring  low  barometer.  It  will  be  noticed  that 
wnen  the  high  barometer  is  on  the  east  side  of  the  low  barome- 
ter, both  systems  tend  to  impress  nearly  the  same  direction 
upon  the  wind  at  a  point  intermediate  between  them,  and  the 
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game  is  true  upon  whichever  side  of  the  low  barometer  the  high 
barometer  is  situated.  It  seems  natural  to  conclude  that  the 
result  mnst  be  an  increased  steadiness  and  force  of  the  winds 
in  question.  How  far  this  conclusion  is  confirmed  by  the  ob- 
servations, and  what  may  be  its  effect  upon  the  direction  and 
velocity  of  a  storm's  progress,  I  propose  to  consider  hereafter. 

Consequences  of  the  (yutward  flow  of  air  from  an  area  of  high 

barometer. 

We  have  found  that  from  an  area  of  high  barometer  there  is 
an  outward  movement  of  the  air  having  an  average  inclination 
of  42^  18'  to  a  line  drawn  from  the  point  of  greatest  pressure. 
Near  the  surface  of  the  earth,  the  average  velocity  of  this  move- 
ment is  5*96  miles  per  hour,  but  as  we  ascend  above  the  surface, 
this  velocity  is  very  much  increased.  Suppose  now  that  the 
area  of  high  barometer  is  a  circle  1,500  miles  in  diameter ;  that 
the  barometer  at  the  center  of  this  area  stands  at  30*50  inches, 
and  that  the  average  velocity  of  the  entire  column  of  air  is  18 
miles  an  hour,  which  is  the  mean  between  the  velocities  ob- 
served near  the  level  of  the  sea  and  on  the  top  of  Mt  Washing- 
ton. Assuming  that  the  average  inclination  to  the  radius  is 
42°  18',  we  find  the  resolved  portion  of  the  wind's  motion  in 
the  direction  of  radius  is  13*3  miles  per  hour.  What  must  be  the 
effect  upon  the  height  of  the  barometer  resulting  from  this  out- 
ward movement  from  the  area  of  maximum  pressure,  the  flow 
being  supposed  to  extend  to  the  height  of  5,000  feet  ?  In  less 
than  three  hours  the  barometer  would  be  reduced  to  thirty 
inches,  if  there  were  no  counter  movement  in  the  upper  regions 
of  the  atmosphere.  Now  we  know  that  these  areas  of  high 
barometer  have  considerable  permanence.  It  is  quite  common 
for  them  to  remain  nearly  stationary  for  24  hours;  frequently 
they  continue  thus  nearly  stationary  and  without  much  change 
for  48  hours ;  and  cases  sometimes  occur  in  which  the  barome- 
ter remains  above  30  25  inches  for  four  or  five  successive  days 
and  even  longer.  Thus  from  Dec.  29,  1872,  to  Jan.  2,  1873, 
the  barometer  at  New  Haven  was  never  below  30*30;  from 
Nov.  29  to  Dec.  3,  1873,  the  barometer  was  never  below  30*35  ; 
and  from  Dec.  31,  1873,  to  Jan.  6,  1874,  it  was  never  below 
80'25. 

These  facts  appear  to  me  to  prove  that  areas  of  high  barome- 
ter are  maintained  by  a  continued  accession  of  air  in  the  upper 
regions  of  the  atmosphere,  and  this  accession  is  probably  de- 
rived from  the  air  which  ascends  near  the  center  of  an  area  of 
low  barometer.  In  my  former  article,  page  10,  I  have  shown 
that  near  the  center  of  an  area  of  low  barometer  there  is  a 
rtrong  upivard  movement  The  facts  which  I  have  now  pre- 
tented  appear  to  me  to  demonstrate  that  near  the  cenlet  o\  ^xl 
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area  of  hiffh  barometer  there  is  a  downward  movemeat  not  gen- 
erally violent,  but  steady  and  of  long  continuance.  The  r»iik 
of  such  a  downward  movement  must  generally  be  a  consii- 
erable  fall  of  the  thermometer  at  the  surface  of  the  earth.  Thi 
atmosphere  generally  loses  heat  most  rapidly  at  the  top,  in  ooih 
sequence  of  radiation  into  space,  and  it  receives  its  heat  chiefly 
at  the  bottom  from  the  effect  of  the  sun*s  rays  upon  the  stu*- 
face  of  the  earth,  so  that  at  an  elevation  of  a  few  miles  a  poond 
of  air  usually  contains  a  less  amount  of  heat  than  a  pound  of 
air  near  the  earth's  surface.  Hence  we  conclude  that  withii ' 
an  area  of  high  barometer  the  thermometer  must  generally 
stand  below  its  mean  height 

Monthly  minima  of  temperature. 

In  order  to  test  the  preceding  conclusion,  I  have  taken  tbe 
monthly  minima  of  temperature  as  observed  at  New  Haven  for  the 
years  1872, 3,  and  4,  and  have  compared  them  with  the  state  of  the 
barometer  and  such  other  circumstances  as  could  be  supposed 
to  influence  the  result  These  observations  of  temperaton 
were  all  made  with  a  self-registering  thermometer.  The  precise 
hour  of  minimum  is  therefore  unknown,  but  it  occurred  some- 
time during  the  night  preceding  the  date  given  in  column  first 
In  the  following  table,  column  first  shows  the  date  of  mini- 
mum temperature  for  each  month ;  column  second  shows  the 
lowest  temperature  recorded  ;  column  third  shows  the  direction 
of  the  wind  as  recorded  at  the  morning  observation,  which  in 
summer  was  generally  6  a.  m.,  and  in  winter  about  7  a.  m.; 
column  fourth  shows  thedegreeof  cloudiness  at  tbe  same  hour; 
column  fifth  shows  the  height  of  the  barometer  at  New  Haven; 
column  sixth  shows  the  position  of  the  nearest  center  of  high 
barometer  as  indicated  oy  the  U.  S.  wciUher  maps ;  and  col- 
umn seventh  shows  the  highest  isobar  represented  on  the  map 
for  the  corresponding  date. 

Upon  comparing  these  observations,  we  perceive  that  in  all  , 
but  five  cases  the  skv  at  the  date  mentioned  was  cloudless,  and 
in  only  two  cases  did  the  clouds  cover  as  much  as  one-half  of 
the  sky.     It  is  probable  that  in  each  of  these  cases,  during  a 

f)ortion  of  the  preceding  night  the  sky  had  been  entirely  cloud- 
ess.  We  must  conclude,  then,  that  these  monthly  minima  of 
temperature  were  in  part  the  result  of  radiation;  but  this  cause 
alone  will  not  account  for  the  very  low  temperature  observed, 
for  these  observations  were  very  much  below  the  average  tem- 
perature of  the  siime  months  on  doudless  nights.  We  find 
that  in  about  two-thirds  of  the  cases,  New  Haven  was  included 
within  the  area  of  a  high  barometer ;  that  in  several  of  the  re- 
maining  cases  an  area  of  high  barometer  existed  at  the  west 
and  was  rapidly  approaching  New  Haven,  although  the  barom- 
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eter  at  the  latter  place  had  not  yet  risen  above  30  inches ;  and 
that  in  the  few  remaining  cases  there  was  at  no  great  dis- 
tance from  New  Haven  an  area  of  relatively  high  barometer, 
although  the  actual  height  of  the  barometer  did  not  much  exceed 
SO  inches. 

temperatum  for  each  mofiih  at  New  Edven^  Oonn.^  for  the  years  1872,  3,  and  4. 


Datecf 
minimum. 


Mln*m 
temp. 


1872.  Jan.  31 
Feb.  23 
March  6 
April  18 
Haj  1 
June  2 
Jiilj  25 
Aug.  31 
Sept.  41 
Oct  30 
Nov.  30 
Dec.   28 

1873.  Jan.  30 
Feb.  24 
Mardi  5 
April  1 
Haj  4 
June  1 
July  19 
Aug.  24 
Sept  15 
Oct  30 
Nov.  29 
Dea  31 

1874.  Jan.  17 
Feb.  2 
Mar.  24 
April  5 
May  12 
June  14 
July  4 
Aug.  29 
Se]^  23 
Oct  15 
Nov.  14 


4*4 

6-7 

—  1-2 

281 

39-2 

48-2 

560 

54*0 

43-3 

29-3 

10-3 

-200 

-260 

—6-0 

8-5 

31-8 

33-2 

46-3 

550 

510 

380 

29-4 

15-5 

100 

3-6 

-1-4 

12-2 

14-8 

32-7 

46*3 

57  0 

50-9 

43*5 

32-0 

191 


Wind. 


N.W. 

N. 
N.W. 

N. 
S.E. 

N. 

W. 

W. 

N. 

N.E. 

W^.S.W^. 

N. 
N.W. 

W. 
N.W. 

W. 

N. 

W. 
N.W. 

N. 

N. 

N. 

W. 

W. 

w. 

N.N.E. 
N.N.W. 

W. 

N. 
N.N.W. 

S. 

N. 
N.W. 

N. 

N. 


Clondi- 

Barom. 

neaa. 

N.H. 

0 

30-25 

3 

3007 

0 

29-95 

0 

29-97 

3 

30*26 

0 

3001 

5 

30*08 

0 

29-70 

0 

30-06 

0 

30-57 

0 

29-75 

0 

30-10 

0 

30-25 

0 

29-77 

0 

30-53 

0 

3008 

1 

29-96 

0 

30-35 

5 

29-94 

0 

30-06 

0 

30-27 

0 

30-47 

0 

30-47 

0 

30-33 

0 

30-43 

0 

30-72 

0 

30-32 

0 

30-44 

0 

30-52 

0 

30-26 

0 

30-05 

0 

30-06 

0 

30-28 

0 

30-41 

0 

30-67 

Center  of  high  barometer. 


Hlghert 
Isobar. 


Nashville. 

Norfolk,  Va 

Chicago. 

Near  Long  Island. 

Near  New  York. 

Lake  Huron. 
Gulf  of  Mexico. 

Illinois. 

Pittsburg,  Pa. 

Maine. 

Georgia 

Nashville. 

Pennsylvania. 

Nashville. 

Knoxville. 

Chesapeake  Bay. 

LouisviUe. 

Chesapeake  Bay. 

Ualifax. 

Lake  Huron. 

Washington,  D.  C. 

New  York. 

Wheeling,  Va 

Wilming^n,  N.  C. 

Lynchburg,  Va 

Quebec. 

St.  Louis. 

Baltimore. 

Long  Island. 

Washington,  D.  C. 

Charleston,  S.  C. 

Gulf  of  St.  Lawrence. 

Baltimore. 

Virginia 

New  York. 


30-50 
30-10 
30-30 
3000 
30-30 
3010 
30-20 
30-10 
30-10 
30-60 
30-50 
30-60 
30-30 
30-30 
30-70 
30-10 
30-10 
30-40 
30-20 
30-40 
30-20 
30-40 
30-60 
30-60 
30-50 
30-80 
30-70 
30-40 
30-50 
30-30 
3010 
30-10 
30-30 
30-50 
30-70 


The  preceding  consideratioDS  appear  to  me  to  prove  that  the 
extremely  low  temperatures  which  occur  at  irregular  intervals 
in  every  month  of  the  year,  but  particularly  in  the  winter 
months,  are  due  mainly  to  the  descent  of  cold  air  in  the  neigh- 
borhood of  an  area  of  high  barometer;  and  this  descent  of  the 
air  results  from  the  outward  movement  which  generally  takes 
place  from  the  center  of  an  area  of  high  barometer. 

IfOng  continued  periods  of  cold  weather. 

Sometimes  we  have  a  period  of  severe  cold  contvuum^  t«w     f 
days  or  even  longer.     The  most  remarkable  cases  ot  l\\\a  VwA 
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within  the  last  three  years  took  place  between  Dec.  22,  1872, 
and  Feb.  8,  1873.  The  following  table  shows  the  most  im- 
portant particulars  respecting  two  periods  of  this  description  as 
observed  at  New  Haven. 


^tA 

Maz*m 

Mlxi*m 

Barom. 

7  AM. 

Wind. 

crdi- 

temp. 

temp. 

N.H. 

N.H. 

neM. 

872. 

o 

o 

C.21 

34-2 

24-7 

3016 

N.N.W. 

3 

22 

17-5 

11-3 

3012 

N.N.W. 

0 

23 

29-4 

-0-9 

3011 

8.W. 

10 

24 

17-4 

8-7 

30*40 

N.W. 

10 

25 

16*2 

-1-6 

30*53 

N. 

5 

26 

8-8 

-10 

30-06 

N.N.E. 

10 

27 

14-4 

4-8 

29-72 

N. 

10 

28 

28-3 

-11-7 

30-12 

N. 

0 

29 

27-3 

6-2 

30-34 

N.W. 

10 

30 

24-3 

0-2 

30-53 

N.N.W. 

0 

31 

29-3 

10-4 

30-28 

NN.B. 

10 

873. 

n.    1 

30-4 

8-6 

30-42 

N. 

0 

2 

20-6 

3-3 

30-45 

N. 

0 

26 

27-2 

7-5 

30-25 

N. 

10 

27 

260 

19-3 

29*99 

N.E. 

10 

28 

330 

16*0 

30*06 

S.W. 

0 

29 

12-2 

00 

30-35 

N.W. 

0 

30 

20-4 

-16'8 

30*25 

N.W. 

0 

31 

34-2 

6-3 

30-16 

N.W. 

0 

b.    1 

33-8 

9*7 

3010 

N.W. 

0 

2 

17-6 

2-8 

30-30 

N.N.W. 

0 

3 

36-6 

6-2 

30-26 

S.W. 

4 

I 
Center  of      ;Hlffhe8t 
high  barometer,  iaobar. 


Nebraska. 

Kentuckj. 

Georgia. 

minois. 

N.  Hampshire. 

Montreal. 

Nebraska. 
Tennessee. 

Georgia. 
N.  Carolina. 

Greorgia. 

Albany. 
Maine. 

Baltimore. 

Daootah. 
Nebraska. 

Indiana. 
Pennsylvania. 

Daootah. 
Nebraska. 

Illinois. 
Charleston. 


30-70 
30-60 
30*30 

30-70 
30*60 
30-20 

30-70 
30-60 
30-50 
30-60 
30-40 

30-40 
30-50 

30-20 
30-40 
30*80 
30-50 
30-30 
30-50 
30-70 
30-60 
30-30 


REMARKS. 


Pleasant  day. 

1  in.  of  snow  last  nigh 

Snow  oeased  at  10  A.] 

Amount,  3^  inches. 
Pleasant  afternoon. 
Pleasant  day. 
Snowed  all  day  till 

P.M.     Am't,  15  in. 
Cloudy  all  day. 
Pleasant  day. 
Cloudy  all  day. 
Pleasant  day. 
Snow  till  4  P.M.    Am' 

3  inches. 
Fine. 
Cloudy  afternoon. 

Slight  snow  in  f  orenoo: 

Snow  all  day.  Am%  6  i 

Fine. 

Fine. 

Pine. 

Fine. 

Fine. 

Fine.  [eveniui 

Snow  from  2^  p.  m.  * 


Column  second  shows  the  highest  temperature  and  column 
third  the  lowest  temperature  observed  at  New  Haven  on  each 
of  the  days  named  in  column  first;  column  fourth  shows  the 
height  of  the  barometer,  column  fifth  the  direction  of  the  wind, 
and  column  sixth  the  amount  of  cloudiness  observed  at  New 
Haven  at  7  A.  M. ;  column  seventh  shows  the  position  of  the 
nearest  center  of  high  barometer,  and  column  eighth  the  highest 
isobar  drawn  on  the  U.  S.  weather  map  for  the  corresponding 
date ;  column  ninth  shows  some  miscellaneous  particulars  re- 
corded at  New  Haven. 

It  appears  from  the  preceding  table  and  from  a  comparison 
with  the  U.  S.  weather  maps,  that  during  the  period  above 
named  there  was  an  area  of  high  barometer  of  unusual  extent, 
which  covered  nearly  the  whole  of  the  United  States  east  of 
the  Eocky  Mountains  and  generally  included  New  Haven. 
The  only  exceptions  are  near  Dec.  27th  and  Jan.  27th.  But  at 
each  of  these  dates  an  unusually  high  barometer  prevailed  at  the 
same  time  at  a  great  distance  west,  and  its  influence  was  felt 
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not  only  at  places  where  the  pressure  was  above  80  inches,  but 
also  at  places  where  the  barometer  had  not  yet  reached  the 
height  of  30  inches.  I  conclude,  therefore,  that  the  severe  cold 
which  prevailed  at  this  period  throughout  the  United  States 
east  of  the  Rocky  Mountains  was  mainly  the  result  of  cold  air 
descending  from  the  upper  regions  of  the  atmosphere  under  the 
influence  of  a  high  barometer. 

The  only  other  explanation  of  this  phenomenon  which  I 
think  can  be  plausibly  urged,  is  that  this  cold  was  the  result  of  a 
current  of  air  sweeping  along  the  surface  of  the  earth  from  a 
very  high  northern  latitude,  and  bringing  with  it  the  low  tem- 
perature of  the  region  from  which  it  came.  I  admit  that  dur- 
ing the  period  in  question  northerly  winds  were  unusually 
prevalent,  but  these  were  winds  attending  high  barometer  in 
accordance  with  the  laws  which  have  been  already  established. 
I  admit  also  that  when  there  is  a  general  drift  of  the  atmos- 
phere from  north  to  south  over  an  extensive  area  it  must  bring 
with  it  a  reduction  of  temperature,  but  I  am  satisfied  that  this 
cause  alone  will  not  account  for  the  suddenness  and  magnitude 
of  the  depression  in  the  present  case.  From  the  21st  to  the  22d 
of  December,  the  mean  temperature  at  New  Haven  fell  15°, 
and  it  continued  at  about  this  point  or  even  lower  for  nine  suc- 
cessive days.  Was  there  at  this  time  a  steady  flow  of  air  from 
the  Arctic  regions  sufficient  to  account  for  this  effect?  I  am 
unable  to  appeal  to  my  weather  maps  for  an  answer  to  tliis 

![uestion,  for,  unfortunately,  on  these  days,  the  observations 
rom  most  of  the  stations  in  the  extreme  northwest  are  wanting, 
and  if  it  were  otherwise,  it  might  appear  that  the  maps  <lid  not 
extend  far  enough  northward  to  furnish  all  the  information 
which  was  required.  If  our  observations  covered  the  whole 
area  of  North  America,  I  have  little  doubt  we  should  find  that 
the  depression  of  the  thermometer  below  its  mean  height  was 
greater  in  the  United  States  than  it  was  in  the  rej^ion  north  of 
ns,  as  I  have  shown  was  the  case  in  the  storm  of  Dec.  20,  1836, 
of  which  the  investigation  was  published  in  vol.  xi  of  the 
Smithsonian  Contributions  to  Knowledge. 

Stomi  0/  Jan.  6-8,  1874. 

In  the  absence  of  adequate  observations  from  British  North 
America,  it  may  be  more  satisfactory  to  tfike  an  example  of  a 
storm  in  the  southern  part  of  the  United  States,  in  which  case 
the  weather  maps  will  inform  us  of  the  condition  of  the  atmos- 

fhere  on  the  northern  margin  of  the  storm.  For  this  purpose, 
have  selected  the  storm  of  Jan.  6-8,  1874,  which  came  up 
from  the  Gulf  of  Mexico  and  crossed  the  United  States  in  a 
direction  about  N.  80**  E.  The  following  table  shows  the  ob- 
servations of  the  thermometer  at  7^  S5'"  A.  M.,  from  Ja\i.  4t  lo 
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Jan.  9,  1874,  at  all  the  Bouthern  stations  of  the  Signal  Service 
and  most  of  the  nortliern  stations.  These  observations  were 
copied  from  the  weather  maps  and  forwarded  to  the  chief  sig- 


1874. 

Ill 

Themnnn.  atl>>3Ga.i.H. 

Above  or  below  mean  temp. 

i 

i 

■1 

5 

s 

s 

65 
67 
44 
68 
60 
3D 
35 
43 
44 
37 
31 

42 

31 
38 
38 
36 
32 
38 

35 
30 

30 
36 

33 
34 
31 
33 
34 
23 
9 

\ 

-6 

+  a 
+  fl 

+  10 

+  a 

+  4 
+   1 
-  G 
+   5 
+   8 
+   8 
+  13 
+  11 
-2G 
+  18 
+  24 
+   3 
+  28 
+  29 
+  20 
+  21 
+    1 
+  26 
+  13 
+  14 
-14 
-22 
+  36 
+  20 
+  18 
+    9 
+  32 
+  30 
+  20 
-11 
-30 

a 

-20 
-16 
_   2 
+   3 

-  B 

-  4 
+    8 

+  e 

-IT 

+    6 
+    1 
+  11 

+  1( 

-2S 
-16 

-  9 
+   3 

-  8 

-  1 
+  24 
+  23 
-2( 

+  15 
+  18 
-19 
-11 
+   1 
+  16 
+  11 
-11 
+    3 
0 
+  22 

-  8 
-10 

i 

i 

*    1     •! 

Key  Wert, 

PantaKaasa.  ... 
New  Orleans,  ... 

Mobile, 

Lake  City,    

J«J.iourille,   ... 
Bhreveport,    

CharleBlon, 

Port  Gibson 

Nashville, 

Knojville,    

LouisviUe, 

Cincinnati, 

65 

62 

SB 
G2 
GG 
B6 
it 
48 
53 
60 
41 
41 
40 
40 
31 
35 
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SXS.::::: 

Keokuk 

Omaha, 

Pittsburgh 

Philadelphia,.... 

New  York, 

Chicago, 

Cleveland, 

BuKilo, 

Boston.  

St  Paul, 

Breckenridge,... 

33 
31 
34 

33 

21 
20 
S9 
32 
30 
26 
28 
27 
27 
U 
10 

60 
46 
41 
13 
-  2 
65 
62 
48 
35 
60 
51 
41 
-3 
-20 

+   4-   1 

+  i:+  6 

+  9  +   T 

+  io:+  B 

+  ll|-f  3 
+  li+  3 
+  Ij  +  lO 
+  4'+  6 
+  13J+  3 
+  11+  3 
+  li+  B 
+  2  +  9 
+  71+  6 
+  28,+  1 
+  7|+  9 
+   81-  1 

nal  officer  at  Wasliin^rton.  by  whose  direction  they  were  com- 
pared with  the  official  R'fords,  the  errors  were  corrected  and  the 
nniifisions  in  the  daily  weather  map  supplied.  From  Jnn.  Ist 
to  Jan.  5th  a  storm  traveled  entirely  across  the  contiiii'nt  [ri»n 
west  to  cast,  the  ccntec  of  the  storm  passing  over  Lake  Superior. 
This  storm  was  followed  by  unusually  cola  weather,  as  is  shown 
in  the  observations  of  Jan.  4th  at  Breckenridge,  St  Paul, 
Omaba,  Fort  Gibson,  Keokuk,  &c.     On  the  5th  of  January 
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another  and  entirely  distinct  storm  prevailed  in  the  Gulf  of 
Mexico;  on  the  6th  it  passed  over  Georgia;  on  the  7th  it 
rassed  over  Virginia,  ana  on  the  8th  it  passed  north  of  Lake 
Ontario.  This  storm  was  followed  by  an  UDUsual  reduction  of 
temperature  in  the  southern  States.  Its  effects  were  to  some 
extent  blended  with  those  of  the  preceding  storm,  yet  the 
eflfects  of  the  latter  can  be  distinctly  traced,  especially  in  the 
neighborhood  of  Florida.  In  the  second  column  of  the  pre 
ceding  table,  I  have  given  the  mean  temperature  of  January  for 
each  of  the  stations  in  column  first ;  columns  3-8  show  the  ob- 
servations of  the  thermometer  at  7*»  35"  A,  M. ;  and  columns  9-14 
show  the  differences  between  the  observed  temperatures  and  the 
mean  temperature  of  January.  The  observations  for  January 
8th  are  graphically  represented  on  the  accompanying  chart,  plate 
L  where  the  curve  which  passes  through  Mobile  connects  all 
those  places  where  the  depression  of  the  thermometer  was  20® 
below  the  mean ;  the  curve  which  passes  between  Charleston 
and  Savannah  shows  a  depression  of  16®  below  the  mean  ;  the 
curve  passing  near  Nashville  shows  a  depression  of  10°  ;  while 
the  curve  passing  near  Cincinnati  connects  those  places  having 
the  mean  temperature  of  January.  Everywhere  south  of  this 
line  the  temperature  was  below  the  mean;  and  everywhere 
north  of  this  line  the  temperature  was  above  the  mean.  It  will 
be  noticed  from  the  table  that  on  the  8th,  in  northern  Florida, 
the  depression  of  the  thermometer  was  greater  than  it  had  been 
on  either  of  the  preceding  days  at  Knoxville,  Nashville,  Cincin- 
nati, Louisville  and  Memphis.  This  fact,  together  with  the 
form  of  the  isabnormal  curves  (convex  toward  the  north),  indi- 
cates that  the  cold  did  not  come  from  the  north  or  northwest, 
but  must  have  descended  from  the  upper  regions  of  the  atmos- 
phere over  the  southern  States. 

There  are  other  considerations  of  a  more  general  nature 
which  appear  to  me  entirely  conclusive  witli  reference  to  the 
general  principle  which  I  have  been  trying  to  establish.     The 

Ehenomenon  in  question  is  not  peculiar  to  the  United  States, 
ut  prevails  far  to  the  north  of  us,  even  to  the  coldest  regions 
which  have  ever  been  visited  by  man.  It  was  found  at  Mel- 
ville Island,  lat  75°  N. ;  it  was  found  at  Van  Rensselaer  Harbor, 
lat  78^°  N. ;  it  is  found  in  the  coldest  parts  of  Siberia.  At 
Melville  Island,  on  the  26th  of  December,  1819,  during  a  strong 
wind,  the  barometer  fell  to  29*10  inches;  it  soon  began  to  rise, 
and  in  four  days  it  rose  to  30*75,  the  highest  point  attained 
during  the  year.  During  the  same  time  the  thermometer  fell 
from  —5°  to  —43**;  the  lowest  temperature  observed  during  the 
year.  At  Van  Bensselaer  Harbor,  on  the  28th  of  December, 
1858,  daring  a  severe  gale,  the  barometer  fell  to  29*05,  and  in 
two  days  it  rose  to  30  50.     The  thermometer  during  t\\e  ^^m^ 
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UttM  fen  ffr>m  -rl«''  u>  -22'.  At  Jakkutsk.  in  Siberia,  lat  62^ 
tl»^  r/i^n  UiTflp^nuare  of  Jao^iarv  is  —44'  Fdihr.  Bat  on  the : 
21*t  of  Jar.rjarr.  ISS^,  ;he  ihermonieier  fell  to  —76'*  R,  or 
82  Mow  the  naean  ternperatore  of  ihe  season.  Xow  accoid* 
inf(  Um  Dove'.4  cbartii.  there  is  no  place  on  the  earth's  surface 
mhfrri:  the  mean  temperatnre  of  the  coldest  month  is  mach  be- 
loir  that  of  Jakatiik.  Wliat  can  caose  sach  an  extreme  de- 
\}ftmurti  of  the  thermometer  at  the  colder  point  of  the  earth's 
nnrfHi'j^'!  I  think  we  are  shat  op  to  the  conclasion  that  this 
tjriiJNrjal  r;^^ld  rc»filt8  from  the  descent  of  the  upper  atmosphere  to 
the  ntiriuf'Ai  of  the  earth.      If  this  is  the  tme  explanation  of 

IHintAn  of  unusual  cold  in  Siberia,  a  similar  phenomenon  in  the 
Jniteil  Stat^^  is  doubtless  to  be  explained  in  like  manner. 

^rhe  swldenness  of  these  changes  of  temperature  is  sometimes 
more  rernarkaV>Ie  than  their  magnitude  On  the  21st  of  Decern- 
l>er,  1886,  the  thermometer  at  Albany  fell  18**  in  one  hoar, 
from  11  A.  II.  to  noon.  Allowing  for  the  usual  diurnal  change 
of  Uitntierature,  this  indicates  an  absolute  change  of  tempera- 
tuns  or  20'^  in  one  hour,  being  the  effect  of  a  severe  storm  then 
in  i)rogreHH.  In  summer,  during  a  thunder  shower,  it  is  not 
unuHual  for  the  thermometer  to  fall  6**  or  even  10®  in  a  few 
rnimitcH.  Now  an  examination  of  the  weather  maps  will  show 
that  thirt  phcsnomcnon  is  local.  There  is  no  cold  stream  of  air 
flowing  down  from  the  northern  regions  to  produce  this  sudden 
chuiigc  of  temperature,  but  the  effect  takes  place  along  the 
truck  of  a  storm,  which  generally  follows  nearly  a  parallel  of 
latitude,  with,  however,  a  slight  inclination  northward,  that  is, 
tvtmx  a  warmer  to  a  colder  region.  These  sudden  gusts  of  cold 
air  are  bulieved  to  descend  from  the  upper  regions  of  the  atmos- 
pheric 

Coht^tTtioit  ^/irt'f  H  the  velocity  of  the  wind  and  the  distance  ft»- 
tu>efH  the  mibars  in  the  neighborhood  of  a  storm  center, 

\\\  onlor  to  dotormine  the  connection  between  the  velocity  of 
the  wi!\il  and  the  distance  between  the  isobars,  I  ruled  a  large 
shoot  of  jKHpor  with  40  vortical  columns,  and  placed  at  the  head 
of  the  oolumns  the  numbers  0,  1,  2,  3,  etc,  to  denote  velocity 
of  the  wind,  Kaoh  weather  map  was  then  examined  forob- 
jitM^vations  suittnl  to  the  pn^siMit  object.  In  the  selection  of  sta- 
tions the  fv>llowinu  rules  wore  adopted :  1.  All  the  observations 
withii\  the  tirst  isobar  about  a  storm  center  were  omitted.  2. 
>;v\  \^K<orvalions  won^  omplovoil  K^vond  the  isobar  29  90,  and 
when  any  station  within  those  limits  seemed  to  be  under  the 
inrtuoiHV  v^t  at\rMhor  storm  ivntor  that  observation  was  rejected. 
All  iho  v^WorvativM^s  tuado  on  Mt.  Washington  were  rejected 
For  tvio!\  sut^oti  whiv*h  sjxtistioii  the  alxn-e  i-v>ntlitions  the  per- 
IvtKiiouUr  vhstaiKV    Ix^twoou    the   two   adjacent    isobars   was 
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measured,  and  the  distance  recorded  under  the  corresponding 
velocity  found  at  the  top  of  one  of  the  vertical  columns.  All 
the  weather  maps  for  1872  and  8*  were  examined  in  this  manner, 
and  the  distance  between  the  isobars  recorded.  The  following 
table  shows  the  average  results : 

RdaHon  between  ihe  vdociiy  of  (he  wind  and  the  distance  between  the  isobars. 
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Column  first  shows  the  velocity  of  the  wind  in  miles  per 
hour ;  column  second  shows  the  number  of  obsei*vations  corre- 
sponding to  each  velocity ;  and  column  third  shows  for  each 
velocity  the  average  distance  between  the  isobars  expressed  in 
decimals  of  an  inch.  It  will  be  noticed  that  the  numbers  in 
column  second  are  very  unequal ;  the  number  of  observations 
for  velocities  4,  8,  12,  16,  20,  24  and  28  being  much  greater 
than  for  the  intermediate  velocities.  This  shows  that  the 
velocities  are  not  reliable  within  1  or  2  miles,  and  this  proba- 
bly explains  in  part  the  irregularity  of  the  numbers  in  column 
third.  In  order  to  smooth  down  these  irregularities,  I  have 
taken  the  average  of  each  sucessive  five  numbers  in  column 
third  and  set  down  the  result  in  column  fourth.  The  numbers  in 
column  fourth  may,  therefore,  be  regarded  as  exhibiting  the  re- 
sults of  the  observations  freed  from  some  of  the  sources  of  error 
which  affect  individual  observations.  In  column  fifth,  these 
distances  are  expressed  in  miles.  This  last  column  of  numbers 
represents,  therefore,  the  average  distance  between  isobars 
(drawn  at  intervals  of  one- tenth  of  an  inch)  corresponding  to 
the  velocities  given  in  column  first  The  average  distance  of 
the  stations  of  observation  from  the  center  of  low  barometer  is 
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eRtimated  at  860  miles.  The  numbers  in  column  fifth  are  there- 
fore regarded  as  representing  for  the  United  States  the  average 
distance  between  the  isobars  corresponding  to  the  velocities  in 
column  first,  at  an  average  distance  of  850  miles  from  a  storm's 
center.  We  thus  see  that  the  average  distance  between  the  iso- 
bars is  twice  as  great  for  the  lowest  velocity  as  it  is  for  the  high- 
est velocity,  so  that  the  distance  between  the  isobars  affords 
some  indication  of  the  velocity  of  the  wind,  but  the  individual 
observations  present  so  great  anomalies  that  it  is  only  the  aver- 
age velocity  of  the  wind  which  can  be  safely  inferred  from  the 
distance  between  the  isobars.  The  great  irregularities  noticed 
in  the  individual  observations  are  doubtless  to  be  ascribe<i  in 
part  to  the  obstructions  to  the  wind's  motion  arising  from  the 
inequalities  of  the  earth's  surface.  Over  a  large  expanse  of 
water  the  distance  between  the  isobars  must  aflford  a  much  more 
reliable  indication  of  the  force  of  the  wind. 

In  preparing  the  materials  for  the  preceding  article,  I  have 
been  assisted  by  Mr.  Edward  S.  Cowles,  a  graduate  of  Yale  Col- 
lege of  the  class  of  1873. 


Art.   II. — On  some  Points  in  the  Oeology  of  the  Blue  Ridge  in 

Virginia  ;  by  Wm.  M.  FONTAINE. 

Professor  H.  D.  Rogers,  in  the  first  volume  of  his  Pennsyl- 
vania Reports,  in  giving  a  description  of  the  strata  lying  along 
the  lower  Susquehanna,  was  at  first  positively  of  the  opinion 
that  this  great  body  of  slates  is  of  Silurian  age.  He  accordingly 
described  this  system  as  ** altered  primal  upper  slates."  Since 
the  publication  of  his  first  volume  he  announced  the  opinion 
that  this  section  contained  two,  and  perhaps  more,  series  of  un- 
conformable strata,  one  of  which  is  older  than  the  Silurian, 
being  perhaps  equivalent  to  the  Huronian  of  Canada. 

This  series  of  slates  and  quartzites  passes  south  through 
Maryland  into  Virginia,  where  it  attains  great  breadth  and 
occupies  the  larger  part  of  the  State.  It  passes  entirely  across 
the  State,  having  the  Blue  Ridge  Mountains  on  its  western  bor- 
der and  the  gold  belt  of  this  section  on  the  east 

I  had  an  opportunity,  some  time  since,  to  examine  in  some 
details  a  part  of  the  western  portion  of  this  belt,  and  propose  to 
give  in  this  paper  a  concise  account  of  some  of  the  geological 
features  there  seen.  My  detailed  examination  was  confined 
to  the  Blue  Ridge,  and  to  the  parallel  chain  running  some  twenty 
miles  east  of  it.  I  also  studied,  with  less  minuteness,  portions 
of  the  valley  between  them. 
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The  Blue  Bidge  at  Harper's  Ferry  is  a  single  chain,  but  in 
passing  southwest  it  expands,  so  as  to  embrace  a  portion  of  the 
Silurian  rocks  on  the  west,  and  also  a  considerable  area  of 
the  more  altered  rocks  on  the  east,  until  in  some  parts  it  is 
formed  of  several  parallel,  short  ranges,  composed  of  slate  of 
very  diflFerent  character  and  age.  Thus,  according  to  the  locality 
examined,  one  would  find  the  main  chain  composed  of  argil- 
lites  of  seemingly  very  ancient  date,  or  of  coarse  syenites,  or 
again  of  Silurian  quartzites. 

The  lower  chain  on  the  east  leaves  the  immediate  vicinity  of 
the  Blue  Ridge  in  Maryland,  diverging  more  and  more  as  it 
passes  through  Virginia,  so  as  to  embrace  a  belt  of  the  country 
which  widens  to  the  south.  This  chain  has  a  varietv  of  names, 
according  to  the  locality.  In  Maryland  and  Northern  Virginia 
it  is  called  " Catoctin,"  but  farther  southwest  in  Virginia,  "Bull 
Run."  It  is  then  broken  up  into  a  number  of  isolated  moun- 
tains for  a  considerable  distance,  reappearing  as  the  "  South- 
west/' and  *' Green  Mountains,'*  in  Albemarle  County.  Near 
Lynchburg,  Va.,  it  is  called  "  Buffalo  Ridge ;"  and  southwest  of 
this  place,  it  is  s^ain  dispersed  into  isolated  ridges  and  peaks. 
For  the  sake  of  convenience,  I  shall  call  this  entire  range  by 
its  more  northerly  name,  "Catoctin." 

The  valley  between  these  ranges  presents  its  simplest  topog- 
raphy to  the  north.  It  is  there  occupied  mainly  by  isolated 
hills  of  considerable  magnitude  and  by  some  connected  chains 
of  the  same.  Farther  to  the  southwest,  mountains  both  isolated 
and  in  short  ranges  appear  in  the  central  portiona  Near  Char- 
lottesville, Albemarle  County,  these  attain  considerable  dimen- 
sions and  continue  with  increasing  force  to  beyond  Lynchburg, 
a  distance  of  more  than  sixty  miles.  Near  Lynchburg  the 
valley  obtains  its  maximum  width  of  about  twenty -five  miles. 

The  most  northerly  portion  of  this  belt  examined  by  me  was 
at  "Point  of  Rocks,  Maryland,  and  at  "Harper's  Ferry."  In 
order  to  give  some  idea  of  the  portions  of  the  entire  belt  not  ex- 
amined by  myself,  I  shall  quote  from  Professor  Wm.  B.  Rogers' 
Virginia  Reports;  all  the  more  freely,  as  they  unfortunately 
never  have  been  published. 

At  Point  of  Rocks,  on  the  Baltimore  and  Ohio  Railroad,  we 
have  a  splendid  exposure  of  the  rocks,  both  in  the  tunnel 
through  the  mountain  and  in  the  cuttings  for  the  canaL  The 
rocks  composing  the  Catoctin  Mountains  here  are,  in  their  least 
altered  condition,  well  defined  argillites.  This  particular  variety 
forms  a  very  important  feature  in  the  geology  of  the  northern  part 
of  the  Blue  Ridge.  Its  lithological  features  are  so  pronounced 
that  it  can  be  traced  with  ease  as  far  as  Rockfish  Gap,  west  of 
Charlottesville,  but  with  greatly  diminished  breaath  there. 
Here  in  the  north,  it  occupies  almost  the  entire  space  of  twelve 


16  W.  M.  Fontaine — Oeology  of  the  Blue  Ridge. 

miles  between  Point  of  Rocks  and  Harper's  Ferry.  It  forms 
also  the  most  of  the  BIu«*  Ridge  at  the  latter  place.  Through- 
out this  entire  distance  this  rock  shows  a  high  southeast 
dip  (45°),  and  evidently  lies  in  a  series  of  closed  folds.  The 
following  is  the  normal  character  as  presented  throughout  the 
district:  Texture,  fine,  amorphous,  to  sub  micaceous ;  color, 
dark  gray,  sometimes  greenish,  from  films  of  chlorite.  Cleavage 
usually  obscured  by  consolidation,  but  parallel  to  the  bedding. 
It  occurs  in  more  or  less  massive  layers,  often  cut  by  joints,  and 
is  usually  harder  and  denser  than  ordinary  roofing  slate.  At 
Point  of  Rocks  the  following  modifications  are  seen  : 

Commencing  at  the  east  entrance  of  the  tunnel,  we  have  the 
normal  slates  dipping  46°  southeast ;  more  toward  the  center 
intense  local  metamorphism  appears.  Here  we  find  both 
cleavage  and  bedding  lost,  and  finally  see  a  massive  structure- 
less rock,  but  little  harder  than  the  true  slates  and  of  sub-mica- 
ceous texture;  the  particles  being  confusedly  mingled  and 
forming  a  substance  not  unlike  some  igneous  rocks.  This 
central  portion  is  of  a  deep  green  color,  from  the  great  develop- 
ment of  chlorite.  It  ol'ten  nas  nests  of  epidote,  sparingly  dis- 
seminated and  associated  with  knots  and  irregular  veins  of 
quartz.  The  quartz  is  very  abundant  Some  triclinic  feldspar 
occurs  in  seams ;  and  specular  iron  in  brilliant,  disseminated 
scales.  Pyrite  is  quite  common.  This  central,  highly  altered 
portion,  has  plainly  been  sufficiently  softened  to  be  capable  of 
motion  like  a  fused  mass.  It  has  been  thrust  up  along  the 
plane  of  bedding  to  the  northwest.  This  is  shown  by  the  dis- 
turbance produced  in  the  enclosing  strata  next  to  it,  and  also 
by  the  crumpling  and  bending  of  the  slates  on  the  west  sida 
At  the  wt'st  end  of  the  tunnel,  where  we  have  the  normal  slates 
again,  these  are  thrown  into  abrupt  sigmoid  flexures,  indicating 
such  a  motion  of  the  central  mass. 

I  have  little  doubt  but  that  this  peculiar  effect  is  due  to  the 
crushing  of  the  beds  in  the  center  of  a  svnclinal  fold.  But  the 
existence  of  a  closed  synclinal  alone  will  cot  account  for  the 
very  general  occurrence  of  such  features,  throughout  so  much 
of  the  northern  Blue  Ridge,  and  almost  everywhere  along  the 
long  ranges  of  the  Catoctin.  There  must  have  been  fractures 
and  lines  of  weakness  of  great  extent  in  the  direction  of  these 
mountains;  for  we  find  in  them  true  igneous  rocks  also,  espe- 
cially in  the  Blue  Ridga 

The  rocks  occupying  a  belt  of  two  and  a  half  miles  in  width, 
on  the  west  of  the  Catoctin,  exhibit  along  one  or  two  lines  the 
same  features  of  metamorphism  that  are  to  be  seen  at  Point  of 
Rocks,  but  on  a  smaller  scale.  In  each  case  we  find  this  in- 
crease of  local  change  along  certain  belts  to  be  marked  by 
ranges  of  hills  commanding  the  country  around.     The  Catoctin 


W.  M.  Fontaine — Oeology  of  the  Blue  Ridge.  17 

itains.  these  hills,  and  the  Blue  Bidge  at  Harper's  Ferry, 
ach  the  result,  in  part,  of  such  l<x5al  changes  producing 
tion,  but  mainly  of  unequal  erosion.  The  normal  slates 
been  eroded  to  a  much  greater  extent  than  the  more  highly 
morphosed  rocks,  and  these  latter  have  been  left  standing 
I  connected  ridges. 

16  entire  distance  from  Point  of  Rocks  to  Harper's  Ferry, 
le  Maryland  side,  is  apparently  occupied  by  the  arajillites. 
3Ssor  Wm.  B.  Rogers  states,  however,  that  on  the  Virginia 
a  narrow  tongue  of  gneiss  is  found  at  the  eastern  base  of 
>rt  Hill,"  near  the  center  of  the  tract  This  is  the  northern 
ination  of  a  triangular  area  of  gneiss  which  passes  through 
inia  along  the  eastern  base  of  the  Blue  Ridge.  A  narrow 
of  steatite  and  serpentine  is  also  found  in  Loudon  County, 
I  with  elliptical  bands  of  magnesian  limestone,  which  some- 
3  assumes  the  aspect  of  true  marble.  These  latter  rocks 
pass  southwest  tnrough  the  State  in  the  belt  in  question. 
3ssor  Rogers  describes  the  curious  occurrence  of  the  lime- 
ys. They  resemble  huge  flattened  concretions,  being  entirely 
)sed  in  hydromica  or  talc  slates,  and  apparently  pass  into 
I  by  insensible  gradations. 

jsuming  our  detailed  investigations  at  the  eastern  base  of 
Blue  Ridge  on  the  Maryland  side,  at  Haiper's  Ferry,  we 
find  the  argillites  forming  the  principal  rock,  and  here  also 
►sing  a  core  of  metamorphic  matter,  which  seems  to  be  en- 
^  formed  out  of  the  slates.  This  rock  does  not  correspond 
tly  with  any  described  in  lithology,  and  I  am  at  a  loss  to 
3  it  in  the  absence  of  any  analysis  of  the  materials.  As  it 
ars  to  be  largely  present  throughout  the  State  along  the 
Tn  base  of  the  JBIue  Ridge,  preserving  a  pretty  constant 
ion  about  two  and  a  half  miles  from  the  Silurian  strata,  it 
ts  a  detailed  description.  I  think  it  is  one  of  the  rocks 
d  by  Professor  Rogers  **  greenstone." 
lis  rock  is  seen  with  its  most  pronounced  features  at  the 
^e-head  on  the  Maryland  side,  forming  the  perpendicular 
ed  mass  w^hich  gives  to  the  pass  its  most  striking  features. 
a  massive  rock  in  structure,  having  all  the  features  of  an 
tive  igneous  material.  The  principal  component  is  a 
nish-gray,  rather  waxy-looking  amorphous  base,  having  a 
ness  of  two  and  a  half,  and  a  somewhat  greasy  feel.  Im- 
led  in  this  material  occur  rounded  shot-like  particles  of 
tz  as  large  as  a  garden  pea.  They  have  vanous  colors, 
,  bluish,  and  white,  the  former  predominating.  The  luster 
le  quartz  is  waxy.  The  nodules  sometimes  almost  disap- 
and  sometimes  form  the  larger  portion  of  the  mass.  The 
has  evidently  been  in  a  state  of  partial  liquidity,  and  been 
St  up  along  the  plane  of  dip  to  the  northwest     it  often  con- 
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tains  enclosed  fragments  of  argillites,  sometimes  little  changed, 
and  sometimes  impregnated  with  chlorite,  or  with  the  mineral 
owenite,  which  is  one  of  the  metamorphic  associates  of  this  rock. 
Width  about  three  hundred  feet  Traced  from  the  bridge- 
bead  eastward,  it  is  seen  to  pass  gradually  into  unequivocal 
argillite,  the  quartz  particles  diminishing,  and  the  base  assuming 
more  and  more  the  laminated,  slaty  structure  of  the  argil! ites. 
This  portion  of  the  argillites  seems  to  have  been  involved  in 
the  upheaval  of  the  mass,  for  it  is  cut  up  by  joints  into  angular 
masses,  much  penetrated  by  irr^ular  nests  and  seams  of  quartz, 
and  is  without  bedding.  A  little  farther  east,  just  outside  of 
this,  we  find  a  curious  modification  of  the  metamorphic  rock. 
It  here  appears  in  the  form  of  dykes,  which  thrust  off  the  slates 
in  arches.  This  rock  is  almost  entirely  composed  of  quartz, 
with  a  little  of  the  amorphous  matter  present,  which  gives  the 
stone  a  green  color.  Both  this  modification  and  the  normal 
rock  form  an  exceedingly  tough  and  durable  material,  which 
by  its  indestructible  nature  has  preserved  the  mountain  from 
erosion. 

The  above  described  rock,  in  weathered  specimens  especially, 
might  be  mistaken  for  a  species  of  conglomerate ;  and  I  think 
has  been  so  described  by  H.  D.  Bogers,  in  his  account  of  the 
South  Mountains  of  Adams  County,  Pa.  From  the  resem- 
blance of  its  base  to  a  variety  of  Finite^  and  for  lack  of  a  better 
name,  I  shall  call  it  "  pinite  porphyry,"  although  it  is  not  a  true 
igneous  rock.  Farther  east  we  find  argilliies  in  heavy  masses, 
penetrated  with  quartz,  and  leaning  against  the  ridge  with  a  dip 
of  about  50°  southeast 

To  the  west,  up  stream,  for  two  miles  to  the  east  limit  of  the 
Silurian,  we  have  normal  argillites  preserving  a  predominating 
southeast  dip.  Close  to  the  pinite  porphyry  the  slates  are  thrown 
into  such  abrupt  flexures  that  they  are  rolled  into  cylindrical 
masses,  which  are  penetrated  by  numerous  quartz  seams.  More 
to  the  west  several  short  rolls  occur,  all  denoting  a  thrust  to  the 
west  on  the  part  of  the  metamorphic  rock.  The  line  of  junc- 
tion of  the  argillites  with  the  Silurian  is  sharply  marked,  and 
no  passage  of  one  into  the  other  occurs,  although  the  southeast 
dip  is  preserved. 

My  next  investigations  were  made  along  the  line  of  the  Ches 
apeake  and  Ohio  ^Railroad  near  Charlottesville,  and  at  Rockfish 
Gap,  where  this  road  crosses  the  Blue  Ridge  by  a  tunnel  seven- 
eignths  of  a  mile  long,  affording  a  splendid  section  of  the  strata. 
Before  passing  to  this,  a  short  aescription,  derived  in  part  from 
Rogers*  Virginia  Reports,  must  be  given  of  the  intervening 
country,  for  in  this  important  modifications  occur.  They  are 
as  follows :  The  argillites  diminish,  and  are  confined  to  the  imme- 
diate vicinity  of  the  Blue  Ridge.     Quartzites  of  various  natures 
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appear  along  the  eastern  border,  and  form  the  Catoctin  to  the 
southwest     These  rocks  in  the  north  are  the  micaceous,  slaty 
quartzites   which   form   the  Bull    Run    Mountains.      To  the 
southwest  they  become  coarser,  and  by  the  assumption  of  a 
greater  or  less  amount  of  feldspar,  form  gneissoid  quartzites,  or 
conglomerates.     A  schistose,  argillaceous  variety  also  appears 
here,  much  impregnated  with  chlorite  and   epidote,  from  its 
vicinity  to  the  metamorphic  rock,  similar  to  tnat  at  Point  of 
Bocks.      Igneous  rocks  (not  described)  occur  in  the    Blue 
Bidge  near  Swift  Bun  Gap.     Commencmg  on  the  east  of  the 
CaUKitin  range,  we  have  the  following  rocks:  1st,  Limestones, 
2d,  quartzites,  and  3d,  epidosites.    These  are  usually  associated, 
and  the  second  form  the  mass  of  the  Catoctin.    These  mountains 
in  this  region  are  usually  composed  of  quartzites,  while  the  lime- 
stones occur  to  the  east  of  toem.     In  the  valley  we  find  that 
from  east  to  west  steatites,  hydromica  slates,  mica^  slates,  mica 
schists,  and  gneiss  appear  in  the  order  named,  so  as  to  usurp  the 
space  which  more  to  the  north  was  occupied  by  argillites.     The 
amount  of  epidote  produced  by  concentrated  local  rnetamor- 
phism  along  tae  line  of  the  Catoctin  is  so  much  increased,  that  the 
partially  fused  rock,  according  to  Bogers,  is  now  a  true  epido- 
site,  and  seems  to  have  invaded  the  quartzites  and  impregnated 
them  with  epidote  and  chlorite,  just  like  a  true  igneous  rock. 
This  change  may  be  due  partly  to  the  fact  that  the  argil 
lites,  which  seem  to  be  the  source  of  the  epidotic  and  chloritic 
products,  are   more  deeply  buried   in  this   region.     There  is 
reason  to  think  that  the  quartzites  and  associated  rocks  overlie 
the  argillites  here ;  hence  the  disappearance  of  the  latter  rocka 
We  have  seen  that  at  Harper's  Ferry  the  metamorphic  pro- 
ducts are  principally   quartzose.     The  case  is  different  to  the 
southwest,  along  the  Blue  Bidga     For  much  of  the  distance 
occupied  by  these  mountains  in  this  intermediate  space,  but 
especially  near  Swift  Bun  Gap,  and  through  the  counties  of 
Green  and  Madison,  we  find  tlie  argillites  forming  the  main 
mass    of  the   mountains    highly  impregnated    with    epidote, 
chlorite,  quartz  and  other  metamorphic  products.     At  the  same 
time,  impr^nations  of  various  compounds  of  copper  are  found 
at  numerous  points  here.     As  I  did  not  visit  this  region,  I  can- 
not sf)eak  more  definitely  of  it.     The  increased  variety  of  mcta- 

^  I  have  in  this  article  used  the  terms  mica  slate  and  mica  schist  to  denote  dif- 
ferent rocks.    The  former  has  slaty  cleavages,  is  thinly  laminated  and  fragile, 
having  an  amorphous  to  sub-micaoeous  texture,  with  a  composition  almost  wholly 
formed  of  micaceous  matter.    The  mica  schists  are  stronger,  heavier-bedded  rooks, 
with  quartz  and  micaceous  matter  in  about  equal  proportions,  and  both  appearing 
in  visible  individual  particles.    It  is  noteworthy  that  in  no  case  is  either  constit- 
uent developed  into  large  individuals.    Thus  the  schist  here  differs  much  from 
that  of  the  region  adjacent  to  the  Richmond  granite,  where  both  quartz  and  mica 
form  laiige  particles  and  produce  a  rods  mu(£  like  the  mica  schist  of  New  ToiV 
labad. 
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morphic  products  is  no  doubt  due  to  the  presence  of  true  igne- 
ous rocks  in  this  region.  Bogers  mentions  their  existence,  but 
does  not  describe  them. 

The  Chesapeake  and   Ohio  Railroad  crosses  the  Catoctin 
Mountains  (here  called  "Southwest")  about  two  miles  east  of 
Charlottesville,  at  Shadwell,  which  is  situated  on  the  Biyanoa 
Biver.     The  stream  has  cut  a  passage  through  the  range,  expos- 
ing the  rocks  in  its  bed.     The  structure  here  is  essentiallj  the 
same  with  that  seen  at  Point  of  Bocks.     A  series  of  closed  folds 
give  a  succession  of  southeast  dips.     The  material  composing 
the  mountain,  however,  is  no  longer  argillite,  but  a  more  massive 
argillaceous  quartzite,  of  greenish  color,  from  the  great  amoant 
of  chlorite  and  epidote  developed  in  it     This  mass,  when  more 
highly  altered,  resembles  very  closely  a  true  igneous  rock,  and 
is  the  material  called  by  Bogers  "  epidotic  rock."    In  passing 
out  of  the  i*egion  of  argiUites  of  the  north  into  the  (juartzites  of 
the  more  southern  district,  we  note  thus  a  change  m  the  struc- 
ture of  the  Catoctin  with  respect  to  the  nature  of  the  strata.    We 
still  find  a  metamorphic  product  like  that  at  Point  of  Bocks, 
only  here  with  much  more  epidote.     This,  however,  does  not 
form  any  portion  of  the  higher  ground,  called  mountains  in  this 
section,  but  lies  a  short  distance  west  of  it,  acting  as  the  dis- 
turber and  metamorphoser  of  the  quartzite,  which  usually  com- 
poses the  mountains.     The  latter  rock  generall y  dips  away  from 
the  epidosites  (as  we  may  call  them),  or  stands  vertically,  and 
by  its  superior  hardness  has  resisted  erosion  better. 

The  railroad  crosses  the  valley  nearly  at  right  angles  to  the 
strike.  By  following  it  we  get  a  tolerably  good  exposure  of 
the  strata.  Just  west  of  Charlottesville  the  first  of  a  series  of 
ledges  of  syenite  is  crossed.  This  rock,  which  abounds  through- 
out the  central  portion  of  the  valley,  as  far  as  Lynchburg,  dis- 
tant sixty  miles,  will  be  described  in  the  account  of  the  strata  at 
that  place. 

The  succession  of  rocks  mentioned  above  as  met  with  in 
going  from  east  to  west,  in  the  district  to  the  northeast  of  Char- 
lottesville, occurs  here  also.  We  find,  however,  more  abundant 
quartzites,  and  these  of  gneissoid  character,  extending  farther 
west  of  the  Catoctin  range  into  the  central  parts  of  the  valley. 
These  quartzites  play  an  important  part  in  the  structure  of  the 
rugged  mass  of  mountains,  which,  commencing  to  the  southwest 
of  Charlottesville,  and  occupying  the  center  of  the  valley,  ex- 
tend as  far  as  Lynchburg.  They  are  called  near  Charlottesville 
**The  Bagged  Mountains."  Foraied  of  a  capping  of  quartzite, 
disturbed  b}^  the  syenites,  they  assume  the  character  of  short 
ranges  confusedly  arranged.  Toward  Lynchburg  they  are  less 
largely  composed  of  stratified  rocks.  Various  coarse  granites 
ana  syenites  make  up  most  of  their  mass,  especially  in  the  short 
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ges  called  ** Tobacco  Bow"  and  "No  Busioess  MouDtains," 
ig  above  Lynchburg  on  both  sides  of  the  James. 
Phe  predominant  rock  along  the  railroad  is  a  mica  slate,  and 
ist  of  varying  character,  but  is  mainly  slate  with  micaceous 
tier  in  excess.  The  dip  is  usually  high  to  the  southeast 
IS  is,  however,  not  rarely  reversed  by  the  influence  of  the 
nites.  Near  the  eastern  foot  of  the  Blue  Bidge,  a  very  coarse 
(iss  is  found. 

?he  railroad  climbs  the  mountain  to  the  height  of  about 
en  hundred  feet  gradually  passing  inward  over  the  east 
>e,  so  that  the  tunnel  is  cut  through  the  center  and  crest  of 
range.  The  mountain  proper  in  the  vicinity  of  Bockfish 
>  is  composed  of  argillites,  highly  altered  by  local  meta- 
rphism.  Some  very  interesting  effects  are  to  be  seen  in 
sing  over  the  eastern  slopes.  The  metamorphic  agent  seems 
lave  .acted  more  energetically  in  certain  bands,  making  an 
te  angle  with  the  general  direction  of  the  mountain.  Along 
3e  bands  the  slates  have  lost  their  cleavage,  and  have  become 
ch  impregnated  with  epidote,  quartz  and  chlorite.  These 
3e  minerals  often  form  concretionary  masses,  four  to  five  feet 
diameter,  in  which  they  are  confusedly  mixed  together, 
jh  lines  of  increased  metamorphic  action  are,  I  think,  deter- 
led  by  crevices  or  breaks  in  the  strata, 
^he  Blue  Bidge  at  this  point  is  a  single  chain,  composed  of 
bly  altered  argillites,  with  a  central  mass  of  eruptive  rocks, 
amencing  at  the  east  entrance  of  the  tunnel,  which  is  seven- 
)ths  of  a  mile  long,  we  find  the  argillite  in  heavy  beds,  lying 
\i  a  dip  of  about  50°  to  the  southeast  These  slates  have  a 
k  greenish-grey  color,  from  the  presence  of  films  of  chlorite, 
jy  continue  in  the  tunnel  for  about  eight  hundred  and  fifty 
ds,  when  we  come  upon  an  eruptive  igneous  rock,  which  ex- 
is  about  one  hundred  yards.  This  is  succeeded  by  argillites, 
ch  continue  with  the  same  southeast  dip  to  the  edge  of  the 
irian  strata,  which  are  found  near  the  west  entrance.  The 
theast  dip  continues  into  the  Silurian  beds,  but  its  steepness 
•eases. 

L  belt  of  argillite  on  each  side  of  the  eruptive  rock  occurs, 
bly  altered  by  the  influence  of  the  latter.  In  these  belts  the 
es  lose  their  bedding  and  cleavaj^e,  resemble  a  compact 
(s  of  angular  fragments,  and  become  impregnated  with 
ous  minerals.  When  not  thus  impregnatea,  the  texture  is 
jtalline,  the  color  grey,  and  the  rock  becomes  harder  and 
ser.  The  altered  belt  on  the  west  side  is  much  wider  than 
i  on  the  east,  being  as  much  as  one  hundred  and  fifty  yards, 
these  altered  belts  occur  many  interesting  associations  of 
lerals,  which  can  be  well  studied  in  the  great  mass  of  material 
d  in  making  the  two  approaches  of  the  tunnel. 
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The  eruptive  rock  is  a  species  of  syenite  of  moderately  fine 
texture.  It  contains  a  ground  mass  of  rather  fine  granular  red 
feldspar,  quartz,  hornblende  and  magnetic  iron.  In  this  occur 
porpnyritically  larger  crystalline  grains  of  red  feldspar  and 
quartz.  The  slates  sometimes  form  a  peculiar  rock,  indicating 
a  gradual  passage  from  slate  to  syenite,  owing  to  contact  effecta 
These  portions  might  sometimes  be  mistaken  for  conglomerates, 
since  tney  present  rounded  nodules  of  red  feldspar  and  quartz, 
which  exactly  resemble  water-worn  pebbles.  They  he  im- 
bedded in  slaty  matter,  but  perfectly  distinct  from  it  We  thus 
see  that  the  structure  here  is  precisely  the  same  with  that  at 
Harper's  Ferry.  The  central  mass,  however,  is  tnie  igneous  sye- 
nite. In  composition  it  resembles  the  coarse  syenite  occurring 
&rther  southwest,  but  it  is  much  better  crystallized. 

Among  the  products  of  metamorphism  to  be  seen  in  the 
altered  slates  we  may  mention  the  following:  1.  Qocks  so 
highly  impregnated  with  epidote  as  to  appear  a  mass  of  acicular 
crystals.  2.  The  formation  of  numerous  concretions  of  the  size 
of  a  buckshot,  composed  of  a  core  of  epidote,  with  an  envelope 
of  milk-white  quartz.  8.  Calc  spar  with  the  characteristic 
cleavage.  4.  This  is  sometimes  intimately  associated  with 
epidote  and  silky  fibers  of  asbestos,  the  spar  being  colored  green 
by  finely-disseminated  homblendic  matter.  5.  Masses  oi  car- 
bonate of  lime,  having  a  fine  saccharoid  texture  like  alabaster, 
and  much  like  enclosed  and  metamorphosed  fragments  of  ordi- 
nary limestone.  They  are,  however,  impregnations.  Interesting 
studies  both  of  the  association  and  paragenesis  of  metamorpbic 
minerals  may  be  obtained. 

The  contact  of  the  Silurian  with  the  argillite  is  beautifullj 
exposed  in  the  west  entrance  of  the  tunnel,  and  the  great  con- 
trast of  the  two  systems  thus  brought  side  by  side  is  well 
shown. 

[To  be  oontmuecL] 


Art.  III. — Projeciion  of  the  Frawihofer  Lines  of  Diffraction  ar\i  j 
Prismatic  Spectra  on  a  ^Screen ;  by  Prof.  John  C.  Draper^  ^ 
College  of  the  City  of  New  York.  ! 

Having  been  engaged  during  the  past  year  in  making  photo- 
graphs of  absorption  spectra  of  organic  bodies,  in  which  a  solar 
spectrum  with  Fraunhofer  lines  was  formed  by  a  diffraction 
grating,  I  have  resorted  to  the  following  method  of  forming 
such  solar  spectra,  a  description  of  which  may  prove  of  inteiest 
to  those  who  are  experimenting  in  the  same  field. 
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The  grating  generally  used  was  made  by  Mr.  L.  M.  Ruther- 
furd;  it  is  rulea  ou  speculum  metal,  6,481  lines  t»  the  inch  ;  it 
gives  spectra  by  reflection.  Other  gratings  on  glass,  now  in  my 
possession,  give  spectra  by  reflection  and  by  transmission. 
The  method  answers  equally  well  for  both.  It  may  be  briefly 
stated  as  follows : 

A  beam  of  light  is  directed  by  the  silvered  plane  mirror  of 
a  heliostat  (A)  into  a  darkened  room. 

It  is  received  on  an  achromatic  lens  (B)  ten  centimeters  in 
diameter ;  focal  distance  from  posterior  surface  seventy  centi- 
meters. 

A  slit  (C)  is  then  placed  within  the  focus  of  this  lens,  the  dis- 
tance being  forty-eight  centimeters  from  the  lens  (B). 

After  passing  through  the  narrow  slit,  which  is  about  one- 
tenth  of  a  millimeter  wide,  the  light  is  received  upon  a  second 
achromatic  lens  (D),  of  the  same  diameter  as  the  first,  but  with 
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a  focal  distance  of  one  hundred  and  fifteen  centimeters.  The 
distance  of  this  lens  from  the  slit  is  one  hundred  and  sixty-four 
centimeters,  and  the  focussing  of  the  lines  of  the  spectrum  on  a 
paper  screen  or  on  the  ground  glass  of  the  camera  is  accom- 
plished by  moving  the  lens  (D)  nearer  to  or  farther  from  the 
slit  (C5),  or  by  moving  the  camera  or  screen  (F)  itself. 

The  grating  (E),  mounted  on  a  suitable  stand,  is  placed  at  a 
distance  of  eighty  centimeters  from  the  second  lens.  All  parts 
of  the  apparatus  being  carefully  adjusted,  so  that  A,  B,  C,  I),  £ 
are  on  the  same  horizontal  axis,  the  grating  is  then  arranged  on 
its  vertical  axis,  to  throw  the  center  of  its  reflected  image  on  the 
opening  of  the  slit  (C). 

The  Tines  of  the  grating  being  accurately  parallel  to  the  sides 
of  the  slit,  a  series  of  beautiful  spectra  are  produced  on  each 
side  of  the  slit,  any  or  all  of  whicn  may  be  received  on  suita- 
bly adjusted  screens,  one  of  which  is  represented  at  (F).  In  all 
of  these  spectra,  if  the  slit  has  been  very  narrow,  the  promi- 
nent Fraunhofer,  with  numerous  other  fines,  appear  sharply 
defined. 

Of  the  spectra  described  above,  only  the  first,  second  and 
third  orders  on  each  side  of  the  image  of  the  slit  are  available 
for  general  use  on  account  of  the  overlapping  of  those  that  fol- 
low. Of  those  that  are  available,  I  have  preferred  to  use  the 
second  order,  since  in  this  the  dispersion  is  much  greater  tViKQ. 
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in  the  first,  and  by  the  apparatus  described  above  a  spectrum 
of  a  length  of  more  than  tnirty  centimeters  is  obtained. 

For  the  projection  of  the  prismatic  spectrum  a  prism  is  sub- 
stituted in  place  of  the  grating,  when  a  very  fine  spectrum  is 
produced,  the  focus  of  the  violet  end  of  which  is  very  much 
closer  to  the  prism  than  that  of  the  red  end. 

In  the  diffraction  spectra,  also,  it  is  necessary  to  vary  the  an- 
gle at  which  the  screen  is  placed  to  define  sharply  the  lines  at 
the  extremities  of  each  spectrum.  In  the  spectra  of  the  first 
order  on  each  side,  the  screen  is  placed  very  nearly  at  right  an- 
gles to  a  line  drawn  from  the  grating  to  (6),  in  the  spectrum. 
As  each  order  in  succession  is  examined,  the  divergence  from 
this  angle  is  greater  and  greater,  and  at  the  same  time  the  focal 
distance  of  the  lines  moves  nearer  to  the  grating. 

The  lenses  I  have  employed  were  those  of  a  very  fine  photo- 
graphic combination ;  they  give  with  the  rest  of  the  arrange- 
ment a  spectrum  in  which  the  definition  of  the  lines  is  perfect, 
and  they  are  present  by  hundreds.  Though  the  lenses  are  ten 
centimeters  in  diameter,  only  the  central  portion  of  each  is  used, 
a  diaphragm  with  a  circular  aperture  of  nve  centimeters  or  less 
being  placed  in  front  of  (B). 

To  lorm  the  absorbent  spectra  of  any  organic  substance,  a 
suitable  solution  of  the  same  is  poured  into  a  cell  with  parallel 
sides.  This  is  placed  at  any  convenient  point  between  A  and  B, 
care  being  taken  that  the  faces  of  the  cell  are  at  right  angles  to 
the  course  of  the  ray  A,  B.  The  slit  may  in  this  case  be 
opened  wider,  when  each  spectrum  will  show  the  characteristic 
absorbent  bands  of  the  substance  employed,  the  position  being 
indicated  (and  if  required,  recorded)  by  their  relation  to  the 
lines  of  the  solar  spectrum  in  which  they  are  produced. 

When  the  calcium  or  electric  light  is  to  be  used  for  lecture 
room  demonstration  of  diffraction  spectra,  the  lens  (B)  should 
have  as  short  a  focus  and  as  large  a  diameter  as  possible.  The 
grating  may  also  be  so  arranged  on  its  vertical  axis  as  to  throw 
its  image  at  a  fight  angle  to  the  line  B,  E,  to  be  there  received 
on  a  screen.  Though  by  this  device  the  spectra  on  one  side  of 
the  image  of  the  grating  are  greatly  elongated  and  those  on  the 
other  compressed,  it  presents  the  advantage  of  enabling  the 
audience  to  see  all  the  spectra  at  once,  and  also  the  optical  con- 
trivances by  which  they  are  produced. 

NoTember  26,  1874. 
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IV. — Abstract  of  results  from  a  new  discussion  of  Hie  secular 
inge  of  the  Magnetic  Declination  in  the  United  States,  and  some 
jacent  places  in  North  and  Central  Ameriot  ;  by  Charles  A. 
HOTT,  Assistant  U.  S.  Coast  Survey. 

(Read  before  the  National  Academy  of  Sciences,  Not.  4,  1874.) 

lunicated  by  permission  of  Garlile  P.  Pattebsok,  Superintendent  U.  8. 

Coast  Survey.]* 

IE  present  investigation  incorporates  the  additional  obser- 
•ns  made  or  collected  since  1859,  and  contains  the  impn)ved 
ts  for  the  old  stations  as  well  as  those  for  a  number  of  new 
ms.  The  circular  function  adopted  in  the  previous  discus- 
to  represent  the  secular  change,  continued  to  lead  to  satis- 
ry  results,  as  might  have  been  expected  from  its  great  adap- 
n  to  represent  curves  of  a  periodic  character.  Independent 
e  study  of  terrestrial  magnetism,  the  necessity  for  tne  occa- 
il  reconstruction  of  the  numerical  expressions  is  suflBciently 
rent  from  the  demands  of  the  Survev  and  the  use  which  is 
5  of  them  for  the  magnetic  data  given  on  our  charts,  viz: 
magnetic  declination  (variation  of  compass)  for  a  certain 
h,  or  date  of  publication,  and  its  rate  of  change. 
)  briefly  recapitulate  the  formulse  employed,  let 

ess  the  magnetic  declination  at  any  time  t,  positive  when 

,  negative  when  east  of  north ;  also,  let  ?n= number  of  years 

fraction  of  a  year)  from  the  adopted  epoch  t,  or  m=t— 1850. 

a    a^     .     .     factors  depending  on  the  adopted  periods, 

360°  360** 

P  '      Pi 

quantities  S,  a  constant  representing  a  mean  declination, 
....  parameters,  and  c  c^  .  ,  ,  .  epochal  constants  of  the 
)dic  terms,  are  to  be  determined  from  the  observations  at 
one  place  by  the  application  of  the  method  of  least  squares, 
rder  to  satisfy  the  condition  that  the  sum  of  the  squares 
be  residuals  of  the  observed  and  computed  declinations 
I  be  a  minimum  (z^'rra  minimum).  For  this  purpose  put 
?,-|-a;,  where  djzrian  assumed  approximate  value  S,  and  x  a 
xition  to  it ;  also, 

r  cos  c=y    and    r  sin  c=2, 

the  conditional  equations  will  take  the  form 

0=<J,  — D-j-ic-f-sin  a  m  .  y-f-cos  ex  m  ,  z-\-  .  .  . 

be  paper  in  full  will  be  published  in  Coast  Survey  Report  for  1874.  It  is 
tension  of  the  article  which  appeared  in  this  Journal,  vol.  zxix,  Art  XXIX, 
1860. 
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which  are  to  be  treated  in  the  usual  manner.  To  determine  the 
value  of  or  or,  three  (or  more,  if  necessary)  assumptions  are 
made,  and  those  values  which  render  2a*  a  minimum  are 
deduced,  and  finally  adopted.  In  some  cases,  where  certain 
observations  were  evidently  less  trustworthy  than  others,  and 
which  nevertheless  could  not  be  dispensed  with  on  account 
of  the  small  number  of  observations,  or  on  account  of  their 
reference  to  desirable  epochs,  special  weights  were  assigned; 
generally  the  observations  received  the  weight  unity,  a  few 
imperfect  observations  the  weight  one-half.  Of  observations 
evidently  grossly  in  error,  no  notice  was  taken. 

The  second  periodic  term  depending  on  r,  oCyC^  could  only 
be  established  for  a  few  places,  owing  to  insufficiency  in  the 
number  of  observations  and  their  want  of  the  greater  accuracy 
demanded  for  it 

The  annual  change  v  in  the  magnetic  declination,  positive 
when  increasing  west  (or  decreasing  east),  also  the  epoch  of 
minimum  west  declination  (or  of  maximum  east  declinatioD), 
also  its  amount  and  the  apparent  probable  error  of  an  observa- 
tion, are  found  as  follows : 

Differentiating  the  expression  for  D,  we  have 

dD=ira  cos  (aw+c)<fm-f^r,ar,  cos  (rr,m4-<?i )«?»'*+  •  •  • 
hence  for  any  time  <,  and  for  minutes  of  arc, 

t'zrOO  sin  l"[rnr  cos  (am-(-o)-f-»'i«i  ®^^  (^1*^+^1)+  •  •  •] 

Maxima  and  minima  are  deduced  from  the  equation 

0=zra  cos  (am-f  c)+r,arj  cos  (ot^m'\'C^)+  .  .  . 

from  which  expression  we  can  find  m. 

The  apparent  probable  error  c©  of  an  observation  is  deduced 
from  the  differences  a  of  the  n  observed  and  computed  values 
by  the  formula 


,=s/'-. 


•4552^' 


where  rij  equals  the  number  of  unknown  quantities  in  the  ex- 
pression of  D,  which  had  to  be  found  from  the  observations; 
when  weights,  w,  are  used,  substitute  wa*  for  a'.  The  greater 
part  of  this  apparent  probable  error  is  due  to  the  fact  that  the 
observations  collected  at  any  one  station  were  not  generally 
made  at  the  same  spot;  it  represents,  consequently,  local  irreg- 
ularities in  the  distribution  of  magnetism,  as  well  as  pure 
observing  errors. 

The  principal  uncertainty  in  the  investigation  arises  partb 
from  the  large  observing  errors  in  the  older  observations,  mad* 
with  ordinary  compasses  or  with  rude  instrument's  oenerally 
and  partly,  since  the  introduction  of  the  refined  instruments 
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the  thet^dolite  and  magnetometer,  from  the  circumstance  that 
the  various  observations  for  the  same  nominal  locality  were 
taken  at  different  spots,  involving  changes  of  local  deflections  of 
the  magnet  From  the  extended  use  of  iron  and  the  growth  of 
cities,  it  is  difficult  to  select  and  preserve  in  such  places  a  suitable 
locality  for  use  at  future  times.  Accurate  investigations  of  the 
secular  change  can  only  be  made  at  permanent  observatories, 
or  in  localities  not  liable  to  disturbing  influences. 

In  applying  a  periodic  function  to  the  investigation  of  the 
secular  change,  it  is  not  implied  that  the  phenomenon  is  neces- 
sarily of  a  periodic  character,  or  must  exhibit  more  than  a  single 
complete  period ;  the  aim  is  to  represent  by  such  a  function  the 
changes  in  the  direction  of  the  magnetic  resultant,  as  far  as 
observed. 

The  collection  of  the  material  is  given  first,  the  stations  being 
arranged  in  geographical  order,  beginning  in  the  northeast, 
passing  to  the  south  and  west,  and  ending  in  the  northwest* 
For  each  locality  the  observed  declinations  are  given  in  chrono- 
logical order,  together  with  such  notes  and  references,  respecting 
observer,  place,  publication,  etc,  as  could  be  found.  The 
stations  here  given  are  the  only  ones  at  present  suitable  for  a 
discussion  of  the  secular  change,  but  their  number  is  constantly 
increasing  by  the  accumulation  of  new  facts.  [The  collection 
referred  to  is  here  omitted.] 

The  following  table  contains  the  empirical  expressions  for  the 
magnetic  declinations  derived  from  the  collected  observations 
by  the  process  explained  above,  for  various  localities,  together 
with  their  latitudes  and  longitudes.  Total  number  of  stations, 
43.  and  of  observations,  about  417. 

Table  I. 


Locality. 


HaUfaz,  N.  S. 
Quebec,  Can. 
York  Factory,  Hud.  Bay. 
Portland,  Me. 
Borlingtonf  Vt 

Ratland,  Vt. 
Portsmouth,  N.  H. 
Xewburyport,  Mass. 
8alem,  Mass. 
Boston,  Mass. 
OMnbridge,  Mass. 


LaUtnde 

Longitude 

o         / 

e         / 

44  39-6 

63  35-3 

46  48-4 

71  14-6 

67  00- 

92  26- 

43  38*8 

70  16-6 

44  28*2 

73  12-3 

43  36*5 

72  65-6 

43  04-8 

70  43  0 

42  48-4 

70  490 

42  31-9 

70  62-6 

42  21-5 

71  03-8 

42  22-9 

71  07-7 

Expression  of  Magnetic  Declination. 


D: 

D: 
D: 
D: 
D: 

D: 
D: 
D: 
D: 
D: 
D: 


49*2) 

43-6) 
79-4) 
24-1 
26-3] 


4-15-94+  4-42  sin  (1-0  m4- 
+  12-67+  3-84  sin  (I •65m  + 
+  5-08 +  14-12  sin  (1-6  m- 
+ 10-72  +  2-68  sin  (l-33m  + 
+  11-16+   3-76  sin  (i-30m- 

+  018  8in(7-2m  +  138 
+  9-76+  3-64  sin  (1-6  m-  19-6 
+  10-29+  2-56  sin  (1  •37m  + 
+  9-63+  2-G3  sin  (1-4  m  + 
+ 10-22  +  404  sin  (1  •55m— 
+  9.46+  2-83  sin  (i -3  m  + 
+   9-58+   2-69  sin  (1-3  m  + 

+  0-18  sin  (3-2m  +  44) 


5 
13 


•9^ 
-2) 
61) 
4*6) 
7  0) 


^  This  approximates  to  an  arrangement  proceeding  from  the  greatest  western 
to  the  greatest  eastern  declinations. 
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Tablb  I^^xnUmued. 


Locality. 


Nantucket  Mass. 
Providence,  R.  I. 

Hartford,  Conn. 
New  Ilaven^  Conn. 
Albany,  N.  Y. 
Oxford,  N.  Y. 
Buffalo,  N.  Y. 
Erie,  Pa. 
Cleveland,  0. 
Detroit,  Mich. 
New  York  City. 

Hatboro,  Pa. 


Latltade 


o 

41 

41  49-5 


iV 


17-0 


41 
41 
42 
42 
42 
42 
41 
42 
40 


46- 

18-5 

39-2 

26-5 

52-8 

07-8 

30-3 

200 

42-7 


Longitude 


70 
71 

72 
72 
73 
76 
78 
80 
81 
83 


06-0 
24-1 


ExpreMlon  of  Magnetic  Declination. 


40  12- 


Philadelphia,  Pa.  39  56*9 
Washington,  D.  C.  38  63*3 
Cape  Henry,  Va.  36  55*6 
Charleston,  S.  C.  32  46*6 
Savannah,  Oa.  32  04-9 
Key  West,  Fla.  24  33-6 
Havana,  Cuba.  |23  OS- 
Kingston,  Jamaica.  ;17  55- 
New  Orleans,  La.  j29  57-2 
Vera  Cruz,  Mex.  jl9  12- 
Mexico,  Mex.  il9  25 -9 
Acapulco,  Mex.  116  50*5 
Panama,  New  Granada.  |  8  55- 
SanBlas,  Mex.  21  32-6 
San  Diego,  Cal.  32  421 
Monterey,  Cal.  ,36  362 
San  Francisco,  Cal.  '37  476 
C.  Disappointment,  W.  T.  46  167 
Sitka,  Alaska.  57  02*9 
Unalaska  Island,  Alaska.  63  52-6 


40-8 
56-7 
45-8 
40-6 
63-5 
06*4 
42  0 
030 
74  00*4 

76  07- 


75 

77 

76 

79 

81 

81 

82 

76 

90 

96 

99 

99 

79 

105 

117 

121 

122 

124 

135 

166 


090 

00-6 

00-6 

55-8 

06'5 

48-5 

22- 

60- 

03-9 

09- 

060 

52-3 

30- 

15-7 

14-3 

53-6 

27-2 

02-0 

20- 

31-5 


D: 

D: 

D: 
D: 
D: 
D: 
D: 
D: 
D: 
D: 
D 


+   8-94  + 
4-   9-10  + 


+ 
+ 
+ 
+ 
+ 


=  + 


8064- 
7-83  + 
8-22  + 
619  + 
3-40  + 
1-27  + 
0-34  + 
0-96  + 
6-43  + 


•3) 
1-5) 


D=+   5-23  + 


D: 
D: 
D: 
D: 
D: 
D: 
D: 
D: 
D: 
D: 
D: 
D: 
D: 
D: 
D: 
D: 
D: 
D: 
D: 
D: 


+ 
+ 
+ 


5-42  + 
1-79  + 
2-96  + 

-  2-76  + 

-  2-54  + 

-  4-75  + 

-  4-82  + 

-  4*69  + 

-  5-68  + 
:-  3-77  + 
:-  4-30  + 
:-   3-97  + 

-  6-28  + 

-  6-60  + 
-12*54  + 
-12-82  + 
-13-50  + 
-20-72  + 
-29-08- 
-2005  + 


2*45  sin  (1 -36m  +   13  8) 
2*99  sin  (l*46m-     3-4) 

+  019  sin  (7-2m  +  116) 
2*90  sin  (l*26m—  26*4) 
316  sin  (1*4  m—  21*6 
3*06  sin  (l*44m—     9*7 
3-24  sin  (l*36m—  18*9 
3-41  sin  (1*4  m- 
200  sin  (1*4  m  — 
1-89  sin  (1*4  m  + 
2*22  sinh*5  m— 
2-29  sin  (1*6  m— 

+  0*14  sin  (6-3m  +  64 
3*28  sin  (l*54m—  13*2) 

+  0-22  sin(4*lm  +  15T) 
3*36  sin  (l*66»i»—  22*9) 
1*90  sin  (1*5  m+     5*9 
2*95  sin  (l*55m— 
2*38  8ina*6  f»  + 
2*32  sin  (1*5  m— 


23*3 
10 

60 
15-7 

6*5 


2*64  sin  (1*4  m— 
1*44  sin  (1*3  «i- 
1*96  sin  (1*2  f»  + 
2-52  sin  (1*4  m— 
11 


6-89  sin 
4-59  sin 
4*96  sin 
1-57  sin 
3-37  sin 
1*64  sin 
3-54  sin 
310  sin 
2-81  sin 


m  — 

1  m— 
06m— 

2  m— 
0  m— 
2  m  — 


35*3 
15-2 
28-6) 
16-4 
38*2) 
16-0 
63*8) 
60-6) 
76-6) 
76-7 
13-9) 
87-7) 
1800) 


1*0  m- 142-9) 
10  m- 132-7) 
1-2  m- 188-8) 
0010m +'000098m» 
0024m  +  000080m« 


In  the  second  table  are  exhibited,  for  each  locality  discussed, 
the  observed  and  computed  declinations  (by  preceding  formulae), 
expressed  in  degrees  and  fractions  of  a  degree. 


Tabt.r  II. 

Tear. 

Obsd. 
Lalifax.  N. 

Compd. 
S. 

Year.           Obsd.        Compd. 
Quebec,  Can. 

Tear. 

Obed. 

Compd. 

K 

York  Factory. 

17565 

+  12°-83 

+  12°*85 

1649-5 

+  16°0 

+  16°*34 

1725-5 

+  19'-0 

+  19''04 

1775*5 

i:{*58 

1405 

1686-5 

15-5 

15-44 

1787  5 

+  50 

+  4-93 

1798*5 

16  50 

15*76 

1810-5 

11*0 

11-25 

1819-7 

-6-00 

-6-06 

18180 

17-47 

17-25 

1814-5 

11-83 

11-67 

1843-5 

-942 

-9-05 

1821-7 

17-60 

17-52 

1831-5 

13-6? 

13-54 

1857-6 

-7-62 

-7-95 

18525 

1817 

19-41 

1834-5 

14-23 

13-86 

18530 

18-85 

19  44 

1842-5 

14-20 

14-66 

1860-5 

19-92 

19-76 

1S58-8 

15-57 

15*93 

18663 

+  2109 

+  19  97 

1859-5 
1860-8 

16-^8 
+ 16-47 

1597 
+  16-04 
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Table  n — conHnued. 


Obsd. 

Compd. 

Tear. 

OtMd. 

Compd. 

Tear. 

ObMl. 

Compd. 

ditlandf  Mo. 

Boston,  Mass. 

ProYidenoe,  ] 

R.I. 

+  7' 75 

+  8-06 

1700*6 

+  10*00 

+  9*96 

1717-6 

+  9*60 

+  9*^*73 

8-50 

8-14 

1708*5 

900 

9-46 

1720*6 

9-47 

9*49 

11-47 

11-65 

1741-6 

7-60 

7-62 

1726-6 

9-23 

9*14 

11-69 

11-91 

1776-0 

7*67 

6*62 

1730-6 

8-90 

8  86 

12-33 

12-33 

1782-6 

7*00 

6*64 

1736-6 

8-66 

8-69 

1247 

12-52 

1793-6 

6-60 

6  82 

1740-6 

826 

8-33 

12-73 

12-58 

1807-6 

6*08 

7*28 

1746-6 

7*98 

8-02 

12-71 

12-61 

1839  5 

9-10 

9-03 

1760-6 

7-67 

7  66 

12-72 

12-64 

1846-7 

9*52 

9  49 

1766-6 

7-35 

7*27 

+  12-89 

+  12-94 

18656 

10-23 

10-05 

1760-6 

6*96 

6-88 

1872-7 

+  11*25 

+  11-01 

1765-6 

6*72 

663 

riington, 

Vt 

1769*6 
1775  6 

6  60 
6*33 

6*29 
6-16 

+  7-63 

+  7-63 

1780*6 

6*27 

6-12 

7-50 

7-51 

1786*6 

6*22 

6-17 

7-70 
7-60 

7-69 
7-94 

Cambridge,  Mass. 

1790-6 
1796*5 

6-17 
617 

6*26 
6*32 

817 

8-21 

1708-6 

+  9*0 

+  9  30 

1800-5 

6-26 

6*37 

8-25 

8-29 

1742*6 

8*0 

7*70 

1805*6 

6*32 

6*40 

8  42 

837 

1767-6 

7*33 

7-28 

1810-6 

6-40 

645 

8-83 

8-52 

17616 

7*23 

7*17 

1815-6 

6-50 

6*65 

8-75 

8-76 

1763-6 

7*00 

7*13 

1819-5 

6-62 

6-76 

9-37 

9-33 

1780-6 

7  03 

6-90 

1826-6 

6*86 

7  06 

9-95 

9-94 

1782-6 

6-76 

6*89 

1830-6 

7*17 

7-46 

+  11-32 

+  11-32 

1783-5 

6*87 

6*90 

1836-5 

7*67 

7*90 

1788-5 

6-63 

0*93 

1840  6 

8-42 

8*36 

.uttand,  Vt. 

18105 

7-60 

7-62 

1841-5 

8-52 

8*45 

1835-6 

8-86 

9-02 

1842-5 

8*65 

8  63 

+  7-05 

+  6-51 

18:i7-6 

9-16 

915 

1843-6 

8-77 

8*60 

607 

6-14 

1840-4 

9-30 

9*36 

18666 

+  952 

+  9-42 

6-02 

6  16 

1842-2 

9-57 

9  49 

9-82 

9-49 

1844-6 

9-65 

9  65 

Hartford,  Conn. 

+  10-67 

+  10-91 

1846-4 

9-53 

9*72 

1786-5 

+  6*42 

+  6*28 

1850-6 

9*50 

10-07 

1810-5 

4-77 

6-26 

smoiith,  X.  H. 

1862-6 

10  13 

10*20 

1824-6 

6-76 

6-60 

+  7-77 

7-75 

10-50 

+  7-78 

7-74 

10-60 

1854-6 

10*21 

10*33 

1 829*0 

606 

6*76 

1855*4 

10*91 

10-39 

18596 

7  29 

7-34 

18565 
1 859-2 

10-47 
10-80 

10-46 
10-63 

1867-6 

+  7-82 

+  7-84 

+  11-25 

+  11*12 

1867-6 

+  10-70 

+  11*09 

New 
1761*6 

Haven,  i 
+  6-78 

Donn. 
+  604 

jurvport,  Mas& 

17756 

6*42 

6-27 

+  6  76 

+  7-00 

1780*6 

6-26 

6-07 

7-30 

7-02 

1811-6 

617 

4-77 

1009 
+ 10-97 

10-28 
+  10-81 

Nantucket,  Mass. 

1819*8 
1828*6 

4-42 
6-28 

6*00 
6*36 

1775*6 

+  6  50 

+  6*60 

1836-3 

6-68 

6*71 

>l^v«n        &.ltf%tf^'* 

1834-6 

8-45 

8-64 

1836*6 

6*92 

6-78 

liem,  Alae 

KS. 

1838-9 

904 

8-89 

1837-9 

6*83 

6-87 

+  6  90 

+  6*47 

1842*7 

9-15 

9-11 

1840*6 

617 

6*02 

6-95 

6  32 

18437 

9-17 

917 

1846-7 

6-29 

6-37 

609 

6-49 

1846*6 

9*23 

9  33 

1 848*6 

6-58 

6*67 

10-24 

9-75 

1856*6 

9-97 

9*83 

1866-6 

7*06 

T08 

+  10-83 

+ 10-40 

1867-4 

+ 10*33 

+  10*42 

1872*5 

+  8*46 
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Tabu  U—eaniiimtd. 


T«. 

ObM. 

Coopd. 

Tmt 

ami. 

<M>|MI. 

T«r. 

Otiid. 

AlbMT,  N. 

r. 

Detroit.  UidL 

Phiuddphta.  r 

18178 

+  6  73 

+  6*71 

18in-G       -J-80 

-3 

10 

1701-5 

+  B-60 

1HI8-6 

6-76 

B-78 

1832-6      -B-33 

-2 

82 

1710-6 

8-GO 

10163 

6-on 

6-07 

1838 

G       -3-83 

-2 

61 

I76U'6 

8-75 

1S38  6 

8-27 

6-3H 

1836-6      -217 

-3 

1793-6 

150 

moB 

6-37 

IB40-B        -1-9J 

07 

1B02-6 

1B31'S 

6-64 

6-44 

1869-5        -070 

01 

1804-G 

3-08 

lH3ia 

6-67 

6-64 

ISr.6 

6        -0-67 

-0 

66 

1613  5 

3-43 

1B36-8 

6-78 

6-77 

I«73 

4       -0-43 

-0 

28 

3-87 

IB47'9 

7-68 

7-67 

1873 

4       -0-29 

-0-23 

ia40-6 

3  63 

IBSfiT 

7-91 

Blfl 

1841  7 

3-90 

1866T 

8-fiH 

8-23 

1946-4 

3-85 

lg58'4 

4H'3B 

+  8-37 

4  63 

Oirord.  N. 

T. 

New  York  C 

ty. 

1862-6 

600 

n»*o 

+  3-00 

+  3-96 

1686-5        +8  75 

+  8  79 

187-J-B 

+  6*6 

IBIT'fi 

3-00 

3 

31 

1091-5            87G 

8-68 

Wasbinirtnii.  D 

1838-5 

4'GO 

3 

79 

1723B          7-33 

7  63 

1792-6 
1809-9 
1841-0 

1S34-8 

3-87 

13 

176U-6            6-37 

6-85 

+  0-87 

1836-8 

4-16 

4 

36 

1766 

5            600 

6-46 

18315 

4  60 

4 

30 

1788-6            4-33 

1-34 

1B38-6 
1819-9 
1B6T-3 

4-46 
M8 

B-73 

4 
6 

36 

68 

1824  5           4-67 
1834-6           4-83 
1837  6            6-67 

4G4 
6-17 
6-3T 

1856-6 
1866  6 
1RB7-2 
1860  7 
1WE2-7 
1863-6 
1866-8 

-^40 
236 
2-41 

1858- 1 

6-73 

6 

74 

1840 

6            6-46 

6-61 

1SG9-0 

683 

G 

81 

1.1416            6-10 

6-li8 

IS73'9 

687 

6 

1H44 

6            6  22 

G-92 

1874-4 

+  6-03 

97 

1845-7            e-42 

801 

1846 

3            6-66 

6  06 

2-74 

Buffalo,  M. 

Y. 

1647 

8        ees 

1SG7-6 

2-80 

1797-5 

0-00 

+  0  01 

1855 

6           6  73 

6-73 

3-85 

1837'B 

+  143 

1  11 

1960 

7            6-73 

7  03 

1869-3 

2-88 

1839-6 

1-16 

30 

1873 

8        +7  63 

+  7-63 

1B70  6 

389 

18486 

1-43 

71 

187 16 

393 

18696 

3-94 

2 

81 

1873-5 

300 

1873-6 

3'B7 

86 

1 873  5 

3-110 

1873-6 

+  3-97 

+  3-97 

H.tboro,  P.. 

1874  5 

+  310 

Eric,  Pb 

1680 

5       +8-47 

+  8-49 

Cape  Honrj-.  \ 

178f.-6 

-0-72 

-0-72 

1690 

6            8-25 

8-30 

1732-5 

1S41-G 

+  0-61 

1700 

6            7  92 

7-94 

1B09-5 

{0-I.OJ 

1802-6 

+  1-06 

+  IB2 

1710 

6            7-47 

7-49 

18325 

+  0-7g' 

1873-4 

+  2-01 

+  3  03 

1720 

7-00 

6-95 

+  1-47 

CteTetaod, 

0. 

1730 
1T40 

6            6-43 
6            6-58 

6-BG 

186BB 

[  +  2-64] 

1796-7 

-200 

-2-10 

1750 

6            492 

4-67 

ChnrleBton.  S. 

1830-6 

-1-33 

-1-03 

6           400 

37.1 

tr;? 

1831 -e 

~1-IS 

1770 

1            292 

2-89 

1776  5 

1834-1 

-0-83 

-0-97 

1780 

6            3-08 

3-21 

1784-1 

-525 

1S3S] 

-0-69 

noo 

6            183 

1-84 

1785-8 

—  6-75 

1841-3 

-0-09 

-0-64 

1900 

S            193 

1-79 

—  3-75 

18156 

-0-65 

-0-3B 

5            2-00 

3-in 

1337-5 

—2  90 

18S9-fi 

+  11  77 

+  0-39 

1820 

5           2-45 

2-56 

1841  4 

1871-8 

+  0  79 

1830 

6            3-00 

3-20 

18478 

—2-25 

1B73  6 

+  0-76 

+  0-81 

1940 

6            3-83 

3-89 

1849-3 

—3  38 

1873-6 

+  0-8B 

+  0 

8G 

1860 

6        +4-43 

+  4 

60 

1874-4 

-0-97 
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T«BU  U—toitHnutd. 


T«r. 

ObwI. 

Compd. 

t™. 

01>«1.       Compd. 

T6«. 

Obti. 

Compa. 

S.T>IlIllb,  0>. 

Vera  Out,  Uei 

1BI7S 

-4-00 

-4-68 

1727-0 

-2-25       - 

1-17 

1791-7 

-10  93 

-I1-48 

1B390 

-*30 

-418 

1769-4 

67        - 

6-7a 

1796-6 

-12-37 

-11-76 

1SM3 

-3r,7 

-3-53 

1776-G 

7'4<l 

IB37-B 

-14-60 

-14-18 

-3-« 

-324 

18IS6 

fl-CO 

18396 

-14-21 

—  14-40 

I874S 

-1-98 

-2-!3 

IB  19-3 

9  65 

1841-6 

-1461 

18S«-a 

849 

-14  00 

-1463 

Key  West,  Fla. 

1861-0 

-8-3 

8-18 

18511 
1873-7 

-14-97 
-15-91 

-16-01 

-1S-9I 

18S9I 

-Gt-t 

-6-67 

Meiico,  Mei. 

1M3'5 

—  6-1)3 

—  6-84 

Sao  Fr^Dciico 

CiJ. 

1S49-6 

-i-iS 
-419 
-47S 
—  4-6H 

-4-81 
-47B 
—  4-69 

1769-8 

-.■^■46        - 

SBt 

7-94 

1792-9 

-13-80 

-1307 

1861-2 

ieez-7 

i8riO-6 
18BG9 

-8-69        - 
-8-7T        - 

675 
8'BB 

1B37-5 
I82H-5 

-16-46 

-14-80 
-14-911 

lit64'5 

ises-s 

18M-J 

-4-66 
-4-62 
-4-48 

-4-68 
-4-63 
-4-47 

1858  5 
1S60-6 
1863-9 

leeio 

1868-6 

-8-37        - 
-8-60       - 
-8-34       - 
-816      - 
-817        - 

B-53 
8-46 
8-38 

818 
8-11 

18396 
1841-9 
IB60-0 

1853-3 
IBGN'G 

-16-17 
-16-33 
-IGBO 
-16-68 
-16-48 
-16-43 

-15-27 
-16-36 
-16-48 
-16-78 
-16-88 
-16-38 

Brnvaiu,  Cuba. 

1872-8 
1873-6 

-16-43 
-16-43 

-18-41 
-16-43 

171BS 

-4-4 

-437 

1 7446 

-30 

3-32 

1874-0 

-18-47 

-1844 

1731-3 

_4-5 

-4-64 

1791-3 

-7-73        - 

7-26 

isi&e 

1S166 

-70 
-B-6 

-«-26 
-6!4 

I822B 
18286 

-8-67       - 
-912        - 

874 
8-8B 

C.  DiBappointme(it,W,T. 

W671 

-S-!6 

-6-62 

1838-0 

-829       - 

9-91 

1792-3 

-18-00 

-17-Bfl 

1858-5 

-6  76 

-B-48 

1866-S 

-8-37        - 

8-23 

18396 
18436 

-20-110 

-19-70 
-19-88 

EingKOD,  Jamaio. 

Panama,  Kew  Granada. 

1B6IB 

1873-8 

-20'64 
-11-61 

-:i0-38 
-11-67 

nsj-j 

-6-0 

-6'a8 

1776-8 

-7-8 

7-80 

lIBl-g 

-6  78 

-6-26 

1790-8 

-7-8 

7-83 

S  tka.  AUaka. 

1306-0 

laiO'G 

I8!2'G 

-4-8 
-43 
-6-! 
-4-7 
-4-3 
-3-8T 

-6-B6 
-6-34 
-S-36 
-4-86 
-4-82 
-4-66 
-4-24 

1802-6 
18226 

1837  6 

-8-0 
-7  0 
-703       - 

7-76 
7-43 
703 

1804-6 
IH14S 

-26-75 
-27 -GO 

-2f.-G8 
-38-18 

1132  6 
lS3:i'S 
1B378 
1847-3 

1849-B        -708       - 
1M864       -B-93        - 

San  Bits,  Ilex. 

7-67 
612 

1827 
1839 
1830 
1838 
1839 

6 
0 
6 
G 

-2B-32 
-28-27 
-18-61 
—19  63 

-18-38 
-28-46 
-38  48 
-18-83 
— 38-86 

tm-2 

-3-67 

-3-88 

1791-3 

-7-47       - 

7  46 

1843 

G 

-18-88 

—  18-BG 

1966'G 

-4-96 

-3-6S 

1823-0 

-8-61       - 

8-64 

18BI 

0 

-29-23 

-2908 

1837-6 

-8-B7       - 

8-92 

1867-6 

-28-83 

-38-9J 

New  OtieaiM.  Ia 

1839-6 

-9-00       - 

8'94 

ITM-i 

-ao 

-339 

1841-6 

-9J0       - 

B-96 

UntlaBka  laliiid, 

Alaaka. 

U68-S 

-7  83 
-6-10 

-6'77 
-1-34 

San  Diego,  Cal. 

1792 
1B06 

5 
G 

-190 

-18-78 
-19-G8 

IHW't 

-8-06 

-7-76 

1792-6 

-1100     - 

1-01 

1829 

-30  20 

lUO'S 

-833 

-8-14 

1839-6 

-11-34     - 

1-1 B 

1848 

6 

-19-61 

-2008 

lli7-0 

-800 

-7  ■12 

1861-3 

-12-48      - 

2 'SB 

1849 

B 

-20-00 

-10-08 

IW8-3 

-7-86 

-T-67 

I8B3'B 

-12-63      - 

2-67 

1B67 

7 

-1979 

-19-38 

IIIO'S 

-110 

-713 

18fi6-4 

-13-16     - 

1B70 

-iy7B 

-19-23 

1871-1 

-S'S» 

-1-06 

1S72-S 

-13-33     - 

3-38 

1873 

4 

-IBOO 

-19flB 
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The  third  table  shows  the  number  of  observations  at  each 
place:  the  .ipptiivut  |)robable  error  of  one  observation  (includ- 
ing errors  iirisiiicr  lhi;n  want  of  identity  of  stations  and  from 
instrumental  defots)  ospressed  in  Toiiiutes  of  arc ;  the  com- 
puted epoclis  of  greaUsi  easterly  deflection  in  the  secular  mo- 
tion, together  with  the  amount  and  direction  of  the  declination 
At  that  epoL-h,  and  the  computed  anuual  changes  at  the  epochs 
1870  and  18S0,  expressed  in  minutea 
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The  probable  errors  given  above  will  serve  to  convey  some 

de  idea  of  the  relative  value  of  each  series  of  observations ; 

e  imperfections  in  the  instrumental  means  of  the  older  obser- 

tions  in  many  cases  react  unfavorably  on  the  modern  obser* 

tions  made  with  more  precise  instruments ;  the  observations, 

r  instance,  taken  by  Hudson  in  1609,  in  the  vicinity  of  New 

>rk  Bay,  are  fairly  chargeable  with  a  probable  error  of  dbS* 

single  result) ;  those  taken  by  Vancouver  on  our  western 

Bist,  between  1792  and  1794,  are  subject  to  a  probable  uncer- 

nty  of  ±1^  (each).     Increased  precision  was  obtained  with 

3   improvements  of  the  azimuth  compass  and  the  allowance 

*  disturbing  effect  of  the  ship's  iron,  and,  for  shore  stations, 

th   the  introduction  of  the  tneodolite  for  determining  thei 

;ronomical  meridian.     With  a  portable  magnetometer  (colli- 

itor)  the  instrumental  means  need  not  leave  a  greater  uncer- 

nty  than  about  one  minute,  but  the  actual  probable  error  ot 

y  determination  is  limited  by  the  accidental  variations  in  the 

san  directions  of  the  magnetic  force  from  day  to  day,  mak- 

5  it  desirable  to  continue  the  observations  for  three  or  more 

ys  and  to  correct  them  for  daily  variation.      It  is  principally 

ipendent  on  the  magnitude  of  the  horizontal  forca 

A  cursory  examination  of  the  column  containing  the  epochs 

'  greatest  easterly  excursion,  the  deflecting  force  producing  the 

cular  change  attaining  then  an  easterly  maximum,  shows  that 

le  needle  became  stationary  in  direction  and  then  reversed  its 

x;ular  motion  in  the  New  England  States  toward  the  end  of 

le  past  century,  in  the  Atlantic  Coast  States,  to  the  west  and 

)ath,  early  in  the  present,  and  in  Mexico  about  the  close 

f  the   first  third   of    the  present  century.      In   Califomiai 

>r^n  and  Washington  Territory  it  has  not  yet  reached  this 

)naition.     We  thus  have  the  following  epochs  for  comparison  : 

lalifax  about   1711 ;    Portland,    Portsmouth,    Newburyport, 

alem,  Boston,  Cambridge,  Nantucket*  and  Providence  about 

799 ;   Hartford,    New  Haven,    New  York,  Hatboro,  Phila- 

elphia,  Washington  and  Cape  Henry  about  1800;  Charles- 

)n,  Savannah,    Key  West  and  Havana  about   1800;    New 

►rleans  about  1831 ;  Vera  Cruz.  Mexico,  Acapulco  and  San 

►las  about  1837 ;  San  Diego,  Monterey  and  San  Francisco,  ex- 

ected  about  1907  (yet  very  uncertain).     We  are  thus  directed 

)  the  extreme  northeastern  States  for  probable  indications  of 

^hat  may  be  expected  to  follow  on  the  seaboard  in  more  south- 

m  and  western  States.     Respecting  the  secular  movement  of 

lie  needle,  apparently  a  little  more  than  a  century  passed  be- 

3re  the  influence  which  produced  the  turning  of  the  north 

nd  of  the  needle  westward  in  Maine  (increasing  there  the 

restem  declination)  was  felt  in  Lower  California  (diminishing 

here   the    eastern    declination);    in  California,    Oregon  and 

Ak.  Joub.  Soi.— Tbibd  Sbbibs,  Vol.  IX,  No.  48.— Jan.,  1875. 
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Washington  Territoiy  the  eastern  declination  is  at  present  still 
increasing,  but  with  a  losing  rate.  By  the  time  the  western 
elongation  of  the  secular  change  is  reached  in  Maine  we  may 
expect  to  see  the  needle  in  the  opposite  phase,  or  at  its  eastern 
elongation,  in  California.  We  cannot  as  yet  follow  this  influ* 
ence  directly  over  the  interior  of  the  United  States  for  want  of 
early  observations ;  the  westernmost  interior  stations  for  whicli 
an  epoch  could  be  made  out  were  Buffalo.  Erie,  Gleyeland  and 
Detroit ;  these  give  the  average  turning  epoch  1794.  It  may  be 
<^uite  practicable  hereafter  to  trace  out  curves  uniting  all  sta- 
tions where  the  needle  was  stationary  at  a  given  epoch  and 
again  at  other  epochs  for  regular  intervals  of  time,  say  of  10  or 
26  years. 

Ketuming  to  the  first  table,  the  constant  in  each  formula 
would  represent  the  normal  direction  of  the  needle,  about  which 
the  secular  change  would  be  performed  in  an  average  cycle  of 
about  270  years,  and  with  extreme  deflections  on  either  side  of 
it^  equal  to  the  co-efficient  of  the  periodic  term — all  under  the 
supposition  that  the  law  of  the  secular  movement  was  truly  ex- 

{ir^sed.  It  is  no  doubt  much  more  complex,  and  besides,  may 
ail  at  any  time ;  yet  as  far  as  our  present  experience  reaches, 
and  within  the  interval  when  the  first  reliable  observations 
were  made  to  the  present  time,  it  is  found  trustworthy. 

TcAle  of  I^ecennial  vcUues  of  the  Magnetic  Declination  eomputei 

from  preceding  equations. 

These  tables  have  been  constructed  to  facilitate  the  reduc- 
tion of  observed  declinations  from  one  epoch  to  another ;  they 
will  be  found  specially  useful,  when  old  lines  run  by  compass 
have  to  be  retraced  and  for  the  construction  of  isogonic  charts 
for  a  given  epoch. 

Blanks  occurring  in^the  table  indicate  either  no  or  doubtful 
values  for  the  corresponding  times ;  values  given  to  the  nearest 
tenth  of  a  degree  are  less  reliable  than  tnose  ^ven  to  hun- 
dredth&     A  +  sign  indicates  west,  a  —  sign  east  declinatioa 
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Abt.  V. — On  the  Tails  of  Comets  ;  by  Henry  M.  Pabkhubst. 

[Bead  before  the  Amer.  Absoc.  for  the  Adv.  of  Science,  Aug.  18,  1874] 

In  predicting  the  form  and  position  of  a  comet's  tail,  I  adopt 
the  theory  of  Professor  Pierce  : 

**  Each  particle  of  the  matter  which  composes  the  tail  is  sup- 
posed to  move  in  a  hyperbolic  orbit,  with  the  sun  in  the  focus 
of  the  opposite  branch,  under  the  influence  of  a  repulsive  force 
emanating  from  the  sun,  and  decreasing  by  the  law  of  the  in- 
jrerse  squaj:e  of  the  distance.*'  (Gould's  Astronomical  Journal, 
vol.  V,  page  186.) 

The  application  of  the  formulae  gives  for  any  required  time 
)ne  line  only,  commencing  at  the  comet  and  extenaing  indefi- 
Qitely.  Professor  Pierce  adopted,  in  his  computations  upon  the 
;ai]  of  Donati's  comet  (Gould's  Astr.  J.,  vol.  vi,  page  51), 
in  excess  of  repulsive  force  1^  times  that  of  gravitation,  mak- 
ing his  comparisons  with  the  front  edge  of  the  tail,  and  arbi- 
trarily adopting  such  a  repulsive  force  as  best  to  explain  the 
observations.  For  the  purpose  of  comparing  with  the  cen- 
ter of  the  tail,  I  adopted  in  my  computations  a  repulsive 
force  exactly  equal  to  and  replacing  gravitation  as  the  more 
probable  law.  On  comparison  with  the  observations,  how- 
ever, I  find  that  the  computed  line  closely  agrees  in  nearly 
every  instance  with  the  observed  right  hand  edge  of  the  tail ; 
and  I  shall,  therefore,  adopt  that  as  the  standard  of  comparison. 
Although  the  comet  apparently  moved  in  the  other  direction, 
yet  in  fact  that  was  the  front  edge  of  the  tail. 

Most  of  the  earlier  observations  were  furnished  to  me  by  W. 
S.  Gilman,  Jr.,  of  New  York  City,  and  all  the  later  ones  by 
Lewis  Swift  of  Rochester,  whose  ooservations  continued  several 
days  after  the  comet  had  ceased  to  be  visible  in  New  York 
City. 

From  June  12  to  June  30,  I  have  only  the  record  of  the  direc- 
tion of  the  tail,  without  reference  to  stars  (G),  agreeing  with  com- 
putation. On  July  1,  the  tail  "pointed  to  and  reached  55  of 
Camelus."  (P.)  The  computed  line  passes  nearly  through  that 
star.  On  July  7,  the  front  edge  was  seen  a  little  to  the  left  of 
83  Arg.   749.     (Bonn  Catalogue.)    (P.)     The  computed  line 

J  asses  a  small  fraction  of  a  degree  to  the  left  of  the  star.  On 
uly  IS,  the  last  day  when  the  head  of  the  comet  was  favorably 
wen,  "the  right  cage  just  touched  o  Ursa  Major"  as  seen  by 
Mr  Swift,  and  passed  i°  to  the  left  of  it  according  to  my  own 
recsonl  The  computed  line  passes  f**  to  the  left  of  it  The 
curvature  on  this  evening  was  commonly  noticed.  Computa- 
tion indicates  an  arc  of  about  15°.  On  July  14,  "/i  U.M.«tV 
was  in  the  middle  of  the  tail "    (S.)    Allowing  for  iTiie  TecotAeSi 
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width,  it  should  be  in  the  middle  of  the  taiL  On  July  17,  "» 
was  exactly  in  the  center,"  and  ''its  left  edge  just  touched  cr." 
(S),  These  are  each  within  i®.  On  July  18,  "  it  passed  over 
a»"  (S.J  and  a  IT.  Maj.  was  within  the  range  of  the  computed  tail 
"  0  ana  F  {(p)  were  not  only  in  the  center  of  the  tail  but  in  line 
with  its  axis."  (S.)  They  were  within  i^  of  the  computed 
center,  and  very  nearly  in  the  computed  line  of  its  axis  at  that 
point  On  July  19,  "  the  tailpassed  midway  between  a  and  A 
out  touched  neither."  (S.)  The  computed  line  passes  nearly 
centrally  between  them.  "  Its  left  edge  just  toucned  6"  (S.) 
Here  is  an  inaccuracy ;  for  it  could  not  have  touched  6  with- 
out passing  over  /S,  On  July  20,  it  passed  "  midway  between 
fi  and  y  U.  Maj.,  and  centrally  over  d."  (S.)  This  agrees 
with  computation.  On  July  21,  the  last  day  of  its  visibility, 
y  U.  Maj.  was  seen  "at  its  right  edge,  perhaps  1**  within  it** 
(S.)  The  computed  line  is  1°  to  the  right  of  y.  *'  A  and  fi  U. 
Maj.  were  seen  in  the  center  of  luminosity."  (S.)  This 
agrees  exactly  with  computation.  "  No  curvature  perceptible." 
Computation  indicates  that  the  tail  increased  its  curvature  an* 
til  about  the  ISth,  a  few  days  earlier  the  tail  being  too  short 
for  it  to  be  perceptible,  and  a  few  days  later  the  curvature  it- 
self becoming  too  small  to  be  perceptible. 

In  all  these  cases  the  accoraance  of  the  right  hand  edge  of 
the  tail  with  the  computed  line  was  as  close  as  the  nature  of  the 
observation  would  admit  But  among  the  observations  kindly 
furnished  me  by  Mr.  Oilman,  the  accuracy  and  faithfulness  of 
which  I  cannot  doubt,  are  two  which  I  cannot  in  fairness  omit 
On  July  3,  he  recorded  the  place  of  the  tail  as  wholly  to  the 
right  of  the  two  stars  66  Arg.  606,  607.  The  computed  line 
passes  to  the  left  of  those  stars.  As  he  did  not  use  a  diagonal 
prism,  and  inverted  his  chart  in  making  the  comparison,  it 
seems  impossible  that  he  should  have  put  it  upon  the  wrong 
side,  especially  as  his  attention  was  also  directed  to  the  star 
65  Arg.  599,  near  the  other  edge.  On  July  6,  he  recorded  the 
place  of  the  tail  as  passing  through  the  star  63  Arg.  749,  the 
chief  star  of  an  unmistakable  group.  The  computed  line  passes 
nearly  a  degree  further  east  On  this  diagram  you  will  see 
that  the  observed  lines,  before  and  afler,  are  nearly  parallel, 
and  that  these  two  widely  deviate.  You  will  also  see,  that  in 
each  case,  connecting  the  observed  point  in  the  tail  with  the 
position  of  the  head  on  the  previous  evening  produces  a  line 
parallel  to  the  rest;  and  although  Mr.  Oilman  himself  does  not 
conceive  it  to  be  possible  that  he  connected  the  position  of  the 
tail  on  one  day  with  that  of  the  head  upon  another,  or  that  he 
could  have  even  seen  the  comet  on  July  5,  which  was  Sunday, 
I  can  find  no  other  satisfactory  solution  of  the  discrepancy  ;  and 
that  explanation  would  substitute  two  observations  accurately 
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igreeiDg  with  the  computatioDs,  for  two  which  are  entirely  in- 
ionsistent  with  the  remainder  of  the  series.  Perhaps  I  should 
idd  that  these  observations,  and  indeed  all  the  observations  bat 
>ne,  were  made  without  any  expectation  that  they  would  ever 
ye  of  value. 

In  predicting  the  width  of  a  comet^s  tail,  it  may  be  assumed 
o  bear  a  certain  ratio  to  its  length.  Up  to  the  time  of  the  dis- 
ippearance  of  the  nucleus,  the  ratio  of  one-sixth  was  sufficiently 
Mcact  The  tail  was  then  approdching  us,  and  on  this  account 
i70uld  be  expected  to  appear  to  grow  wider  as  well  as  longer. 
Assuming  that  it  remained  unchanged  in  form,  it  should  have 
3eeQ  about  six  times  as  wide  on  July  21  as  on  July  IS.  But 
Bstead  of  being  18^  wide,  it  was  seen  to  be  only  ^^4^°,  possi- 
bly 5^" 

I  have  refrained  from  alluding  to  an  important  point  with  re- 
^rd  to  the  front  edge.  When  the  tail  is  coming  directly 
toward  us,  the  front  edge  becomes  the  medial  line.  When  the 
tail  is  4^  wide,  assuming  the  riffht  hand  edge  to  be  the  fmnt 
edge  would  involve  an  error  oi  2° ;  or,  if  the  tail  were  18*^ 
wide,  as  computed,  it  would  involve  an  error  of  9°.  There  is 
no  such  error ;  therefore,  there  is  no  visible  portion  of  the  tail 
to  the  right  hand  of  the  true  front  edge.  If  tne  tail  is  flat,  lying 
in  the  plane  of  its  orbit,  we  may  readily  understand  why  it 
should  be  so  foreshortened  when  directed  toward  ua  Indeed, 
this  proves  too  much  ;  for  if  it  were  as  thin  as  Saturn's  ring,  it 
should  have  appeared  as  a  mere  line  instead  of  being  5°  wide. 
If  the  form  of  tne  section  were  elliptical,  it  would  account  for 
the  observed  width  on  the  21st  of  July ;  but  when  the  tail  was 
first  seen,  the  earth  was  fully  11^  above  its  plane,  as  seen  from 
the  comet,  and  the  tail  would  have  appeared  much  narrower  m 
all  the  observations  before  July  IS.  The  dark  line  behind  the 
Ducleus  cannot  indicate  a  hollow  conical  tail,  for  a  diminution 
of  the  central  light  by  ^V^^^  P^^  would  hardly  be  perceptible ; 
but  that  dark  line,  and  the  dark  lines  separating  tne  different 
envelopes,  are  perfectly  consistent  with  the  theory  of  a  thin  flat 
tail. 

There  is  another  important  fact  The  front  edge  was 
toward  the  right  until  July  20 ;  but  at  noon  of  July  21  the 
earth  passed  through  the  plane  of  the  orbit  On  the  evening 
of  Jul V  21,  therefore,  when  the  tail  was  5°  wide,  the  front  edge 
should  have  been  either  at  the  left  hand,  or  at  any  rate  at  least 
2^  from  the  right  hand  edge ;  and  yet  the  latter  agreed  with 
the  line  computed  from  the  same  formulae  with  those  of  all  the 
preceding  days ;  and  although  the  tail  was  seen  for  five  days  in 
suocession,  during  which  the  earth  passed  through  the  plane  of 
the  orbit,  there  is  no  apparent  discrepancy  between  the  computed 
line  and  the  observed  position  of  the  right  hand  edge  oi  t\\Q  tdb^ 
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A  diagram  I  have  constructed  illustrates  several  resulta 
necessariij  depending  upon  the  hyperbolic  theorv.  The  black 
line  represents  the  orbit  of  the  comet  of  1848,  so  &r  as  included 
"within  the  radius  of  the  earth *s  orbit  The  red  lines,  starting 
from  the  orbit,  and  after  passing  their  perihelion  points  radiat- 
ing in  nearly  straight  lines  from  the  sun,  represent  the  hyper- 
bolic orbits  of  particles  of  matter,  leaving  the  head  of  the 
comet  at  the  given  times. 

In  these  computations,  also,  I  have  adopted  1  as  the  ratio  d 
repulsion.  Had  Coggia's  comet  possessed  sufficient  luminosity 
to  be  visible  on  July  24,  it  would  have  afforded  a  test  of  the 
true  amount  of  repulsive  force ;  but  as  its  plane  was  still 
turned  almost  directly  toward  us  when  the  tail  was  last  seen,  a 
variation  in  the  assumed  amount  of  the  repulsive  force  makes 
no  appreciable  difference  in  its  position ;  and  the  streamers  aeen 
extending  from  the  convex  siae  of  the  tail  of  Donati's  comet 
suggest  the  theory  that  upon  every  formation  of  a  new  envel- 
ope, a  small  portion  of  the  matter  was  endowed  with  a  repul- 
sion at  least  ten  times  that  of  the  rest  of  the  matter  forming 
the  tail. 

The  blue  lines  circling  around  the  sun  connect  the  positions 
of  the  particles  in  their  hyperbolic  orbits  at  given  times,  and 
therefore  R^^present  the  visiole  and  the  invisible  tail  of  the 
comet  The  particles  leaving  the  head  of  the  comet  thirty  days 
before  it  reachCvS  its  perihelion,  follow  nearly  behind  it,  with 
continually  retarded  motion,  and  when  the  head  of  the  comet 
reaches  the  sun,  those  particles  have  only  passed  over  half  that 
distance,  and  are  just  aoout  tr>  commence  their  outward  coursa 
In  receding  from  the  sun  the  motion  is  gradually  accelerated 
until  the  particles  reach  the  same  distance  from  the  sun  at 
which  they  left  the  head.  The  moment  they  pass  outside  of 
that  point  they  are  irrevocably  lost  A  reconver^ion  of  the  re- 
pulsive force  into  attraction  would  not  avail,  but  they  must  fly, 
unless  intercepted,  beyond  the  confines  of  our  solar  system. 

Particles  leaving  the  head  of  the  comet  at  a  later  date  pur- 
sue a  somewhat  similar  course,  coming  nearer  to  the  sun,  but 
all  at  about  the  same  time  turning  and  flying  off  into  space. 
The  nearer  they  come  to  the  sun  before  commencing  tlieir 
hyperbolic  course,  the  more  violent  is  the  repulsion,  and  the 
greater  their  outward  velocity.  The  particles  which  leave  the 
head  of  the  comet  exactly  at  the  perihelion,  pursue  a  line  al- 
most directly  from  the  sun,  but  about  66°  from  the  axis  of  the 
comet's  orbit  These  particles  commence  their  outward  course 
with  a  velocity  sufiicient  to  carry  them  outside  the  earth's  orbit 
in  a  little  over  two  days;  ana  that  velocity  remains  nearly 
uniform  in  consequence  of  the  sudden  removal  of  the  matter 
beyond  the  sphere  of  the  sun's  forcible  action.     Consequently, 
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rhen  we  undertake,  for  the  80th  day  after  the  perihelion  pas- 
age,  to  trace  the  entire  tail  which  has  left  the  head  during  the 
^receding  60  days,  we  must  pursue  a  curve  commencing  at  the 
osition  of  the  head  of  the  comet,  passing  to  the  right  and 
:Ownward,  crossing  the  perihelion  line  at  a  distance  from  the 
an  one-third  greater  than  that  of  the  planet  Neptune,  and  re- 
Qtering  the  earth's  orbit  above. 

How  much  of  this  will  be  visible  ?  As  we  follow  the  tail 
pom  the  head  it  becomes  fainter,  first,  because  it  is  more  dis- 
ant  from  the  sun,  and  therefore  less  illuminated.  Another 
eason  is  that  it  is  more  diffused  from  its  rapid  expansion  like 
lie  fire  from  a  Catharine  wheel,  the  portion  of  the  tail  forming 
certain  arc,  continually  forming  nearly  the  same  arc  of  a  larger 
ircle.  But  is  that  all?  Here  is  a  portion  of  the  tail  above, 
lore  illuminated  than  the  head  of  the  comet  itself,  and  which 
ccupies  less  than  one-fourth  the  space  traveled  over  by  the 
omet  while  it  was  issuing. 

While  the  dark  line  in  the  center  of  a  comet's  tail  seems  to 
isprove  the  theory  naturally  suggested  by  the  fact  of  the  front 
dge  being  the  line  of  computation,  that  the  resistance  of  the 
ther  is  the  cause  of  the  expansion  of  the  tail,  the  ether  may 
lave  a  perceptible  effect  upon  its  form  and  position.  Had  the 
lun  an  ether  of  its  own,  carried  with  it  through  that  still  more 
are  ether  which  brings  to  us  the  pulsations  of  light,  the  effect 
)f  the  ether  upon  the  tail  would  be  only  that  resulting  from 
ie  motion  of  the  comet  itself;  but  leaving  the  ether  behind  it 
in  its  course  toward  the  constellation  Hercules,  it  will  tend  to 
sweep  the  tail  back  from  that  point :  and  hei*e  we  mav  find  a 
possiDle  explanation  of  the  apparent  wafting  of  the  tail  out  of 
the  plane  of  its  orbit,  leaving  the  front  edge  still  on  the  right, 
and  causing  a  thin,  flat  tail  to  have  a  visible  width  tenfold 
greater  than  it  would  have  had  if  strictly  in  the  plane  of  the 
orbit 

Hoit, — Obaenrations  in  Bngland  on  July  9,  li,  17,  18,  19  and  21,  oontinn  the 
potitions  above  given,  but  are  not  sufficiently  definite  for  exact  comparison.  The 
theocyof  Prof.  Norton  (Am.  Jour.  ScL,  1861),  that  the  width  of  the  tail  arises 
Erom  the  yariation  of  the  repulsive  force  exercised  upon  different  partidee  of  the 
DQOMtarj  matter,  and  its  thickness  from  the  repulsion  of  the  nucleus  itself  at  the 
time  of  emission,  I  had  not  seen  when  the  above  was  written.  I  have  computed 
I  new  line  consisting  of  particles  equally  repelled  and  attracted,  and  I  find  that  it 
Mfly  corresponds  with  the  former  computed  line,  or  with  the  observed  right 
btod  edge  of  the  tail,  apparently  indicating  that  the  tail  was,  from  some  cause, 
dttefiy  south  of  the  plane  of  the  orbit.  Tho  theory  of  Prof.  Norton  affords  ft 
phudble  explanation  of  that  cause. 

New  York,  Oct.  1874. 
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Abt.  VL — The  very  much  extended  NAulm  of  Sir  John  HersMi 
Oeneral  Catalogue;  by  CLEVELAND  Abbs. 

[Bead  before  the  Philosophical  Society  of  Waahingtoii,  June  4^  1874.] 

In  1866  and  1867,  I  coasidered  carefully  the  question  of  the 
apparent  distributiou  of  the  nebulaB  in  space,  basing  my  stadies 
upon  the  Oeneral  Catalogue  of  Sir  John  Herschel.  Among  other 
points  that  occupied  my  attention,  I  attempted,  by  separating 
the  several  general  classes  of  nebulae  and  clusters,  to  renaer  more 
definite  our  ideas  as  to  the  different  laws  that  obtain  in  reference 
to  the  distribution  of  resolvable  and  unresolved  nebule. 

Some  of  the  conclusions  then  arrived  at  were  published  in 
the  Monthly  Notices  of  the  Royal  Astronomical  Society  for 
1867,  and  nave  been  in  part  confirmed  by  the  subsequent 
writings  of  others.  Mr.  Proctor  has  rendered  good  servioe  to 
this  branch  of  Astronomy  by  reproducing  on  equal  surfiice 
charts  the  table  given  by  me  showing  the  distribution  of  the 
unresolved  nebulaa ;  which  charts,  published  first  in  the  Monthly 
Notices,  and  republished  in  his  *^  Essays  on  Astronomy ''  and 
his  '^Univei*se/  as  well  as  the  more  elaborate  and  beautiful 
charts  of  Messrs.  Waters  and  Proctor,  are  well  adapted  to  con- 
vey such  information  as  can  be  gained  from  this  study.  Bat 
whetlier  we  gauge  the  stars  or  the  nebute,  at  best  we  can  only 
obtain  results  tliat  are  exceedingly  unsatisfactory,  and  perliapB 
no  two  persons  would  agree  in  adopting  the  same  conclusions 
on  this  subject  In  hopes  of  adding  something  more  exact  to 
our  knowledge  of  the  construction  of  the  universe,  I  sought, 
two  years  ago,  to  resolve  several  more  definite  problems,  such 
as  involve  fewer  assumptions,  and  one  of  which  I  will  now 
present,  premising  that  the  subject  is  brought  to  your  notice, 
not  because  I  think  myself  to  have  obtained  anything  conclu- 
sive, but  because  the  problem  seems  to  direct  attention  to  a  point 
worthy  of  special  observation.  In  fact,  the  material  I  have  had 
to  work  with  has  been  so  unsatisfactory  that  it  will  be  a  sufficient 
reward  if  I  am  able  to  so  attract  the  attention  of  those  possess- 
ing powerful  telescopes  as  to  induce  them  to  revise  the  rough 
measurements  that  I  have  been  obliged  to  content  myself  with. 

The  general  problem,  as  it  has  presented  itself  to  me,  may 
be  thus  stated:  We  have  thus  lar  studied  the  distribution 
in  space  of  the  centers  of  the  nebulae, — are  there  not  planes 
that  have  a  definite  relation  to  these  bodies?  Among  the  stars 
we  have  the  Milky  Way  and  the  orbits  of  binary  stars:  among 
the  planets  we  have  their  orbits  and  equators,  and  the  orbits  of 
their  satellites ;  among  the  nebulae  we  may  expect  to  find  analo- 
gous planes,  whose  relations  to  each  other  and  to  those  already 
known  cannot  but  be  highly  instructive.     As  yet  we  have  but 
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very  few  double  nebuke,  Dor  can  we  for  a  long  time  hope  to 
determine  the  planes  of  the  orbits  of  any  binary  nebul»,  if  such 
exist ;  on  the  other  hand,  in  r^ard  to  the  axes  of  rotation  of 
nebulse  or  the  planes  of  their  equatore,  there  is  more  room  for 
study.  It  is  a  plausible  hypothesis  that  some  nebulse  are  in 
rotation  about  tneir  respective  axes,  and  only  in  the  case  of  an 
irregular  nebula  do  we  find  presumptive  evidence  of  numerous 
centers  of  aggregation  and  rotation ;  this  latter  class  will  not 
DOW  further  claim  our  attention.  Those  nebulaB  whose  whole 
mass  is  rotating  about  a  single  axis  must  appear  to  us  either 
circular  or  elliptical,  according  to  our  position  in  relation  to  that 
&xis;  we  might  then  at  once  assume  that  every  well  defined 
circular  nebula  has  its  axis  of  rotation  directed  toward  us,  and 
might  thus  determine  the  position  of  the  plane  of  its  equator; 
this,  however,  would  be  hazardous,  since  not  only  do  we  thus 
issume  the  fact  of  a  rotation,  but  also  assume  that  the  average 
rotation  of  all  nebulse  is  so  rapid  that  when  viewed  from  any 
3ther  direction  they  would  present  a  sensibly  elliptical  outline ; 
moreover,  often  gloDular  clusters  of  stars  are  recorded  as  circular 
yr  globular  nebulae.  I  have  therefore,  for  the  present,  passed  by 
the  circular  and  the  ordinary  elliptical  nebulae,  and  have  con- 
fined myself  to  those  described  in  HerscheFs  Catalogue  as 
exceedingly  or  very  much  extended  ;  the  list  of  these,  amount- 
ing in  all  to  fifty-nine,  is  given  in  the  accompanying  table.  In 
r^ard  to  them  it  may  be  remarked  that  ii  these  nebulae  are 
gaseous  and  without  rotation,  we  can  only  explain  their  apparent 
shape  by  supposing  them  to  be  endowea  witn  a  motion  of  trans- 
lation, to  be  in  fact  wisps,  like  comet's  tails;  if,  on  the  other 
hand,  they  be  in  a  state  of  rotation,  they  must  be  flat  rings  or 
discs  or  extended  flattened  ellipsoids,  and  we  are  authorized  to 
consider  that  the  planes  of  their  equators  do  sensibly  pass 
through  the  position  of  the  observer;  similarly,  if  the  nebulous 
appearance  be  due  to  the  presence  of  lenticular  or  ring-shaped 
cloud  of  asteroids,  or  of  meteoric  dust,  we  shall  be  able  to  make 
a  determination  of  the  plane  of  the  orbits  of  these  bodies. 

The  trigonometrical  formulae  by  which  we  may  compute  the 
riglit  ascension  and  declination  of  the  poles  of  a  very  much 
extended  nebula  are  given  in  the  following  note. 

It  is  evident  that  the  principal  elements  of  uncertainty  are, 
fiiBtj  the  inaccuracy  of  tne  adopted  angles  of  position  (tt),  and 
ieeond,  the  error  oi  the  assumption  that  the  planes  of  the  nebulae 
in  question  are  not  inclined  to  the  line  of  sight  The  latter 
error  may,  on  the  average,  amount  to  5°  or  10° :  the  errors  ot  the 
n  may  be  averaged  as  about  5°,  15".  or  80°,  according  as  the 
values  are  given  in  HerscheFs  Catalogue  as  exact,  approximate 
or  rough  :  the  influence  of  these  errors  on  our  results  can  be 
easily  ascertained  by  means  of  tiie  difi*erential  formulae. 
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Having  computed  the  ri^ht  asceDsions  and  declinations  of  the 
south  poles  ot  the  fifty-nine  nebul»  in  question,  as  given  in 
columns  six  and  seven  of  the  accompanying  table,  I  have  also 

Slotted  them  upon  equal  sur&ce  charts  similar  to  those  used  by 
[essrs.  Proctor  and  Waters,  on  which  also  have  been  drawn 
the  limits  of  the  Milky  Way  as  given  bj  those  same  gentlemen, 
according  to  Heis  and  Herschel.  Owing  to  the  fact  that  the 
unresolved  nebulse  are,  as  a  rule,  far  more  numerous  near  the 
poles  of  the  Milky  Way  than  elsewhere,  it  follows  at  once  that 
the  greater  number  of  the  nebulsB  now  under  consideration  are 
near  these  poles,  and  therefore  our  poles  of  rotation,  if  we  may 
presume  to  use  that  term,  lie  near  the  Milky  Way  itself:  but  a 
careful  enumeration  shows  us  that  in  the  northern  hemisphere 
these  poles  lie  to  the  southward  of  the  central  portion  of  the 
Milky  Way,  while  in  the  southern  hemisphere  the  reverse  holds 
good ;  in  fact,  there  exists  a  medial  plane  about  which  the  poles 
of  these  nebulse  cluster,  and  which  is  itself  inclined  to  the 
plane  of  the  Milky  Way  at  an  angle  of  about  80°,  so  that  if  tbe 
north  pole  of  the  Milky  Way  be  in  right  ascension  12  h.  45  m. 
and  declination  80°,  the  pole  of  the  plane  near  which  the  rota- 
tion axes  of  the  nebulse  lie  will  have  about  the  same  right 
ascension,  but  a  declination  of  about  60^  Numerically  expressed, 
this  latter  plane  is  so  situated  that  of  fifty  nine  nebulas  twenty- 
nine  have  their  axes  inclined  to  it  by  less  than  10^,  and  forty- 
two  have  their  axes  inclined  by  less  than  20°. 

It  is,  I  conceive,  quite  desirable  that  we  should,  on  the 
one  hand,  have  more  accurate  determinations  of  the  position 
angles  of  these  extended  and  ray-like  nebulae,  and  that,  on  the 
other  hand,  the  reversion  spectroscope  of  Zollner  should  be 
applied  to  determine  whether  or  no  they  be  really  in  a  state  of 
rotation. 

By  adopting  some  average  value  for  the  oblateness  of  the 
spheroids,  that  appear  to  us  as  elliptical  or  oval  nebulae,  it  will 
be  possible  to  ootain  a  certain  approximate  estimate  of  the 
probability  that  the  plane  here  determined  has  some  bearing 
upon  the  general  question  of  the  arrangement  of  the  three  or  four 
thousand  known  nebulsB  (the  clusters  being  included);  but  such 
a  computation  involves  too  much  of  hypothesis  to  be  of  interest 
at  present 

It  may  then  in  general  be  stated,  that  so  far  as  we  are  able 
to  determine  the  positions  of  planes  of  rotation  among  the 
nebulae,  they  do  not  show  any  such  tendency  to  agree  with  each 
other  as  is  shown  in  the  orbits  and  equators  of  the  major  plan- 
ets of  the  solar  system ;  that,  on  the  contrary,  they  are  inclined  at 
all  possible  angles  to  each  other,  but  have  this  remarkable 
feature,  that  their  mutual  nodes  cluster  about  a  point  in  right 
ascension  12  h.  45  m.  and  north  declination  60^ 
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t  Pdoitiasi  of  the  Poles  of  the  "rei7  much"  and  "azMedlnglj"  "ezteiHled 
«baln"af  Sir  John  Henohd'a  "Graenl  OktalogiM,"  rafsmd  to  Uw  meMi 
iqnilKn  at  1860. 
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The  Nebula. 

DeflcripikML 

Its  South  Poie. 

No. 

3278 
3321 
3340 
3386 
8437 

R.  A. 

h.  m. 

12  45-9 

12  49-9 

12  52-4 

12  67-2 

13  4-6 

N.  P.  D. 

78    0-6 
67  33-3 
54  23 
138  32*1 
52  11-2 

IT 

34 
120  ± 
30  ± 
38.7 
26 

pB;  vmS;  3B8t8;fof2. 
I;  vB;  vL;  vmE;  bMBRN=J  ? 
yF,  pL;  TmE;  bet  2 at 
B ;  yL  ;  YmE. 
yB,  yL;  YmE;  YsbMN. 

lOf 

1 
4 

R.A. 

h.    wu 

18     14 

9       3 

17  38 
21       1 

18  0 

NP.D. 

123*2 

143*3 

114 

114-5 

109*6 

3526 
8686 
3761 
3822 
4004 

13  17-3 
13  47*9 

13  67-6 

14  9-7 
14  47 

132  17-2 
83  58*6 
40    9*3 
53    7-6 
85  53*1 

122-6 

15 

90  ± 
110-3 
148*4 

II;  yB;  yL;  YmE;  bifid. 
F;  pL;  YmK;  r. 
pB;  cL;  YmE;  smbMN. 
cF ;  pL ;  YmE ;  YgYmbM. 
F;  pS;  YmE;  gylbM. 

2 
2 

4 

4 
19 
13 
11 

8 

11 
40 
67 
68 
67 

128*« 
104-9 
130-1 
138-5 
121-6 

4086 
4067 

16  12 - 
16  12*2 

32  10 - 

33  101 

155 
166 

A  ray ;  YmE,  par.  to  4087. 
oB;  yL  ;  YmE ;  Yg,  psbMN. 

0 

3t 

10 

10 

38 
38 

103 
1034 

4614 

20  49-6 

146    6-4 

0 

eeF;  yS;  YmE;  •13att,ii. 

2 

{2  or 

9 
12 

23 

19 

90 

4663 
4679 

21  19-2 
21  26-6 

143  23*3 
146  10-8 

90-8 
127*1 

eF;  pL;  YmE. 

pB ;  pL ;  YmE :  g,  pslblC 

1 

1 

126-7 
117-1 

4830 

22  36-6 

120  47*1 

0 

F;  pL;  YmE;  YgYlblC 

1 

Uor 

}  16 

|S6 

90 

4860 
4886 

22  47 
22  54-9 

130  24-6 

131  34-9 

43*3 

5± 

cB;  L:  YmE;  mblC 
cF:  ps;  YmE. 

2 
2 

6 
6 

63 

7 

121-6 
89-3 

Golamns  1-6  are  copied  from  HerRchel's  General  Catalogue. 
The  position  angles  in  column  four  have  been  micrometically 
measured  when  given  to  the  tenth  of  a  degree ;  have  been  care- 
fully estimated  when  given  with  an  appended  ±1  have  been 
roughly  estimated  when  given  to  the  nearest  10°. 

NOTB. — A  nebula  which  seems  a  mere  ray  or  line  being  situated  at  S',  prolong 
this  ray  into  a  great  circle,  8^8^^  whose  south  pole  is  p,  and  join  S^  and  p  with 
the  north  pole  of  the  heaYens,  P.    We  now  haYe, 

008  (cf)=— sin  ((S\  ain  ir 
tan  {a—a)=  +  sec  (o)  ootg  ir 

where  the  sign  of  sin  (d)  is  positiYe, 

"  COS  (a— a)  is  the  same  as  the  sign  of  oos  (d). 

"  sin  (a — o)  "  ••  oos  ir. 

fr=P8^''  or  the  positive  angle  of  the  ray  measured  n.  /.  a.  p. 
(d)=P8^ 

a= right  ascension  of  south  pole  of  nebula. 
(<Q= north  polar  distance  of  ** 

For  a  list  of  explanations  of  the  meanings  of  the  abbrcYiations  used  in  the  5di 
and  6th  columns  of  the  accompanying  tables,  see  pp.  1 1-13  of  the  original  memoir 
by  Herschel,  in  the  Philosophical  Transactions  for  1874. 

Washington,  August  Ist,  1874. 
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lRT.   Vn. — On  Venus  as  a  Luminous  Ring;  by  Prof.  C.  S. 

Lyman. 

In  this  Journal,*  eight  years  ago,  a  brief  notice  was  pub- 
shed  of  some  observations  made  by  the  writer  on  Venus  when 
ear  her  inferior  conjunction  in  1866.  The  planet  was  then 
for  the  first  time,  so  far  as  appears)  seen  as  a  very  delicate 
iminous  ring.  The  cusps  of  the  crescent,  as  the  planet  ap- 
roached  the  sun,  had  e^^tended  gradually  beyond  a  semicircle, 
ntil  they  at  length  coalesced,  and  formed  a  perfect  ring  of  light 
No  opportunity  has  since  occurred  of  repeating  these  observa- 
ions  until  the  aay  of  the  recent  transit  On  Tuesday,  Dec. 
th,  Yenus  was  again  in  close  proximity  to  the  sun,  and  the 
mter  had  the  satisfaction  of  watching  the  delicate,  silvery  ring 
inclosing  her  disc,  even  when  the  planet  was  only  the  sun's 
emi-diameter  from  his  limb.  This  was  at  4  P.  M.,  or  less  than 
ive  hours  before  the  beginning  of  the  transit  The  ring  was 
>rightest  on  the  side  toward  the  sun — the  crescent  proper. 
)n  the  opposite  side  the  thread  of  light  was  duller  and  of  a 
(lightly  yellowish  tinge.  On  the  northern  limb  of  the  planet, 
ome  ttO  or  80  degrees  from  the  point  opposite  the  sun,  the  ring 
or  a  small  space  was  fainter,  and  apparently  narrower,  than 
ilsewhere.  A  similar  appearance,  but  more  marked,  was  ob- 
served on  the  same  limb,  m  1866. 

These  observations  were  made  with  a  five-foot  Clark  telescope 
of  4|  inches  aperture,  by  so  placing  the  instrument  as  to  have 
ibe  sun  cut  off  by  a  distant  ouilding  while  the  planet  was  still 
visible.  The  ring  was  distinctly  seen  when  the  aperture  was 
reduced  to  one  and  a  half  inches.  The  9-inch  equatorial 
could  not  be  used,  as  there  were  no  means  of  excluding  the 
direct  sunlight 

The  morning  after  the  transit  the  sky  was  slightly  hazy  and 
the  planet  could  not  be  found,  though  probably  it  might  have 
been  if  the  small  telescope  had  been  mounted  equatorially. 

On  the  day  following  (the  10th),  the  crescent,  extendmg  to 
more  than  three-fourths  of  a  circle,  was  seen  with  beautiful  dis- 
tinctness in  the  equatorial,  and  on  this  and  two  subsequent  days, 
measurements  were  taken  with  the  filar  micrometer  for  the  pur- 
pose of  determining  the  extent  of  the  cusps,  and  consequently 
the  horizontal  refraction  of  the  atmosphere  of  the  planet,  on  the 
a»amption  that  the  extension  of  the  crescent  and  formation  of 
the  ring  are  due  to  this  refraction. 

The  results  of  these  observations  are  given  below,  each  re- 
sult being  the  mean  of  the  number  of  separate  measurements 
indicated  in  the  last  column.  On  the  10th,  the  chord  of  the 
uo  between  the  cusps  was  measured ;  on  the  other  dayE  \\ie 
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distance  between  lines  tangent  to  the  cusps  and  to  the  oppo- 
site limb. 


Mean  dates. 

Dist  of  centers 

Extent  of 

Hor.  refr.  of 

Num.  of 

Dea 

of  O  and  $ . 

Crescent 

$*atnioB. 

ob.  of  Cl]8p& 

8       3*»    0™  p.  M. 

0"*       36'-G 

360°  00' 

10     11    36    A.  M. 

2         31-7 

279    28 

46'-6 

4 

11       10      16    A.M. 

4          2-6 

233    15 

48-0 

6 

11       2    40    P.M. 

4        20-4 

231    46 

45*5 

15 

12       2    45    P.M. 

5        58-3 

215    21 
Mean 

42-9 
44-5 

22 

These  observations  give  a  mean  of  44''5  as  the  horizontal  re- 
fraction of  Venus's  atmosphere,  or  about  one-quarter  greater 
than  that  of  the  earth's.  The  writer's  observations,  in  1866, 
gave  45' '3.  Madler,  from  observations  of  the  cusps  in  1849, 
when  the  nearest  approach  of  the  planet  to  the  sun  was  8^  26', 
made  the  refraction  48'*7. 

The  formula  for  the  refraction  is  this : 


sin  y  =  sin  <2  sin 


c-18o 


2aj  =  y . 


in  which  d  =  distance  of  centers  of  O  and  9 . 

c  =  arc  of  crescent 

r  =  sun*s  semi-diameter. 

p  =  radius  vector  of  Venua 

X  =  horizontal  refraction  of  Venus's  atmosphere. 
Six  measurements  of  the  diameter  of  the  planet  on  the  lOth 
give  63''-l.    Twenty-four,  on  the  Uth,  give  63"-75.    The  Eng- 
lish and  American  Almanacs  give  62"4  and  64''*5  respectively. 


Art.  Vin. — Discovery  of  a  New  Planet;  by  Professor  James 
C.  Watson.  From  a  letter  to  one  of  the  editors,  dated 
Peking,  China,  October  17,  1874. 

I  have  the  pleasure  to  send  vou  the  following  places  of  a  new 
planet  which  I  discovered  at  8^  30™  on  the  evening  of  Oct  10th. 


Peking 

M.  T. 

a 

6 

1874,  Oct.  10, 

13»» 

30'" 

0« 

0»» 

58™ 

l-68» 

.flO° 

42' 

52-0" 

"     11, 

9 

58 

15 

0 

57 

15-48 

10 

40 

33-9 

*•     11, 

10 

43 

44 

0 

57 

13-70 

10 

40 

22-7 

"     11, 

11 

31 

0 

0 

57 

11-75 

10 

40 

24-8 

"     13, 

8 

33 

39 

0 

55 

29-90 

10 

34 

56-9 

'*      13, 

9 

43 

44 

0 

55 

27-67 

10 

34 

38-5 

"     13, 

9 

56 

45 

0 

55 

27-22 

10 

33 

47-8 

"     1^, 

9 

35 

11 

0 

54 

33-71 

10 

31 

57-3 

"      15, 

49 

29 

0 

53 

43-70 

10 

29 

10-6 

"     16, 

8 

58 

34 

0 

52 

46-46 

10 

26 

15-0 

The  planet  resembles  a  star  of  bright  11th  magnitude. 
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^RT.  IX. — Ancient  Lake  basins  of  the  Rocky  Mountain  Region  ; 

by  Prof.  O.  C   Marsh. 

The  existence  of  several  large  fresh  water  lakes  in  the  Kooky 
fountain  region,  during  Tertiary  time,  is  now  well  established, 
aainly  through  the  researches  of  explorers  whom  the  striking 
cenerv  of  the  "  Bad  Lands/'  or  the  extinct  animals  entombed 
n  them,  have  attracted  thither.  The  geological  age  of  some  of 
hese  lakes,  however,  seems  to  be  still  in  doubt,  at  least  widely 
lifferent  opinions  on  this  point  are  freely  expressed.  The  ex- 
ent  of  these  various  lake-basins,  and  their  relations  to  each 
)ther,  are  likewise  a  subject  on  which  information  is  especially 
iesirable,  and  hence  the  results  of  some  recent  observations 
ure  here  presented. 

The  deposits  left  in  these  old  lakes  show  them  to  be  of 
Eocene,  Miocene,  or  Pliocene  age,  the  fauna  of  each  formation 
:>eing  entirely  distinct,  as  well  as  quite  dijfferent  from  existing 
species. 

L  Eocene  Lake-basins, 

The  oldest  of  the  great  Tertiary  lake  basins  of  the  West  are 

^f  Eocene  age.      The  one  first  discovered  and  best  known, 

which  has  been  called  the  Green  Eiver  basin,  lies  between  the 

Rocky  Mountains  and  the  Wasatch   range,  in  the  depression 

now  drained  by  the  Green  Eiver.     It  has  the  Uintah  Mountains 

for  its  southern  border,  and  extends  north  at  least  as  far  as  the 

Wind  River  range.     This  basin  was  visited  by  the  writer  in 

1868,  but  first  explored  in  1870,  when  he  tmced  its  deposits  for 

several  hundred  miles,  and  from  the  rich  vertebrate  fauna  fully 

determined  its  Eocene  age.*     These  same  beds  have  since  been 

pronounced  Miocene  by  Prof.*Hayden  and  others,  but  the  150 

species  of  extinct  vertebrates  now  known  from  them   prove 

them  Eocene  as  conclusively  as  any  single  formation  has  yet 

been  determined  in  this  countiy.     A  comparison  of  almost  any 

group  of  these  fossils  with   the  corresponding  one  from  the 

Paris  basin  will  afibrd  sufficient  evidence  on  this  point.     Some 

of  the  extinct  mammals,  indeed,  indicate  a  still  lower  horizon, 

or  one  nearly  equivalent  to  the  Lignite  beds  of  France. 

The  Tertiary  deposits  in  the  Green  Eiver  Basin  are  all  of 
fresh-water  origin,  and  of  enormous  thickness, — 6000  feet  at 
least  They  are  nearly  or  quite  horizontal,  and  as  a  rule  rest 
unconformably  on  the  Cretaceous  coal -bearing  rocks  below. 
The  latter  are  in  part  brackish  water  beds,  containing,  with 
some  characteristic  Cretaceous  fossils,  many  remains  of  plants, 
which  have  led  Hayden,  Lesquereux,  nnd  others  to  regard  them 
as  Tertiary.  The  evidence  from  the  fossil  plants  is  &t  itoni 
conclusive,  while  the  Cretaceous  age  of  essentially  the  Bam^ 

*  This  Journal,  vol  i,  p.  191,  March,  ISU. 
JmJovk,  8^9.--TmRD  89niK8,  Vol,  IX,  No,  49.-.jAif.,  1875. 
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beds  has  been  clearlv  made  out  at  several  different  localities. 
At  one  of  these,  in  1870,  the  writer  found  above  a  seam  of 
coal  Ostrea  congesta  Conrad,  a  typical  Cretaceous  fossi!,  and  a 
crinoid  allied  to  Marsupiies  of  the  English  Chalk.  Below  the 
coal,  but  in  the  same  series,  were  remains  of  fishes  and  turtles, 
both  of  Cretaceous  types,  and  teeth  of  a  Dinosaur.*  Nearly  as 
conclusive  evidence  has  since  been  found  at  other  localities. 
In  considering  a  question  of  this  kind,  where  the  evidence 
from  fossils  appears  conflicting,  it  should  especially  be  borne  in 
mind  that  vertebrates  afford  a  much  more  accurate  guide  to 
climatic  and  other  geological  changes  than  invertebrates,  and 
vastly  more  so  than  plants. 

This  Eocene  lake  basin  remained  dry  land  during  all  of  Mio- 
cene time,  and  perhaps  much  longer.  It  was  then  again  sab- 
merged  for  a  short  period,  and  ite  eroded  sur&ce  covered  wi'h 
water-worn  debris  from  the  surrounding  mountains.  The  evi- 
dence of  this  is  seen  in  the  coarse  conglomerate  crowning  the 
highest  buttes,  which  have  thus  escaped  in  part  the  enormous 
denudation  most  of  the  deposits  in  this  basin  have  suffered. 

South  of  the  Uintah  Mountains,  a  second  and  larger  lake  ex- 
isted in  the  Eocene.  It  was  2,000  feet  or  more  lower  than  the 
northern  lake,  and  received  part  of  its  waters  from  that  source.  < 
It  had  the  Rocky  Mountains  for  its  eastern  bonier,  the 
Wasiitch  range  on  the  west,  and  extended  from  the  Uintahsiar 
to  the  southward,  doubtless  quite  to  the  present  lerritorv  of 
New  Mexico.  This  basin  was  first  explored,  and  its  E(Xiene 
age  established,  in  1870,  by  the  writer,  who  finding  it  distinct 
from  the  Green  River  basin  on  the  north,  named  it  the  Uintah 
basin  f  These  two  lakes  were  contemporaneous,  for  a  long 
period  at  least,  and  undoubtedly  were  connected  together  east 
of  the  present  Green  River  caiion.  There  is  evidence  that  the 
southern  lake  continued  for  some  time  after  the  northern  one 
dried  up.  The  deposits  of  the  Uintah  basin  are  of  very  great 
thickness,  and  are  underlaid  by  Cretaceous  beds,  in  some  places 
much  inclined. 

The  fauna  entombed  in  both  these  Eocene  lakes  is  essen- 
tially the  same,  and  indicates  a  tropical  climate.  This  is 
seen  especially  in  the  great  number  of  Tapiroid  mammals, 
monkeys,  crocodiles,  lizards  and  serpents.  Remains  of  Dim- 
cerata^  the  largest  of  E.  cene  mammals,  have  as  yet  been  found 
only  in  the  northern  basin,  and  there  are  some  other  important 
differences  at  present,  which  future  discoveries  may  remove. 

There  are  indications  of  another  Eocene  lake  in  Eastern  Ore- 

fon,  west  of  the  Blue  Mountains,  but  as  only  a  few  plants  have 
itherto  been  found  in  its  deposits,  its  relations  in  time  to  the 
great  central  Eocene  lakes  cannot  as  yet  be  determined. 

♦  This  Journal,  vol  i,  p.  195,  March,  1871.  f  I'OC.  cit,  p.  196. 
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IL  Mioc*^e  Lake-basins. 

The  Tertiary  lake-basin  first  made  known  in  the  Eocky 
fountain  region  is  that  south  of  the  Black  Hills,  so  long 
amous  for  its  '*  Mauvaises  Terres^^  or  "  Bad  Lands/'  and  for  its 
wonderful  vertebrate  fauna,  which  Prof.  Hayden  has  done  so 
nuch  to  bring  to  light.  This  ancient  lake,  which  was  compara- 
ively  shallow,  appears  to  have  extended  south  from  the  Black 
3ills  to  near  where  the  Republican  River  now  is,  or  from  about 
he  44th  to  the  40th  parallel  of  latitude.  Its  western  border 
i^as  the  Rocky  Mountains,  and  its  eastern  margin  probably  not 
ar  from  the  99th  meridian.  The  strati  in  this  basin  are  all 
iearl\'  horizontal,  and  indicate  quiet  waters.  They  are  lighter 
n  color,  and  raucli  less  arenaceous  than  those  of  the  Eocene 
akes.  The  best  exposures  of  these  Miocene  beds  are  seen 
lear  the  White  River,  and  this  name  hjis  very  appropriately 
been  used  by  Prof  Hayden  to  distinguish  the  lake  basin  in 
which  they  were  deposited.  In  Northeast  Colorado  the  same 
Formation  is  well  developed.  The  *'Bad  Lands"  there  were 
discovered  and  first  explored  by  the  writer  in  1870.*  These 
Miocene  strata  rest,  witn  more  or  less  unconformity,  on  an  ex- 
tensive series  of  lignite-bearing  beds,  which  in  many  respects 
resemble  those  beneath  the  Eocene  basins.  The  age  of  these 
beds,  also,  is  in  dispute,  but  the  remains  of  Dinosaurs  and  some 
Dther  typical  Mesozoic  vertebrates,  which  have  now  been  found 
at  many  widely  separated  loca.ities,  leaves  little  doubt  that 
they  should  be  placed  in  the  Cretaceous,  the  great  coal-bearing 
formation  of  the  Rocky  Mountains. 

After  this  Miocene  lake  was  filled  up,  and  its  surface  more 
or  less  eroded,  a  great  subsidence  took  place,  and  a  second 
larger  lake  was  formed,  in  which  extensive  beds  of  clay  and 
sand  were  deposited  over  the  same  area.  As  both  series  of 
strata  are  essentially  horizontal,  and  of  nearly  the  same  color, 
the  dividing  line  in  many  places  can  be  made  out  only  by 
means  of  the  vertebrate  fossils  they  contain.  In  this  way,  the 
writer  has  recently  ascertained,  by  personal  observation,  that 
most  of  the  upper  beds  (D  and  E),  500  feet  at  least  in  thick- 
ness, which  were  called  Miocene  by  Prof.  Hayden,+  are  deposits 
of  the  more  recent  Pliocene  lake.  This  would  leave  for  the 
trae  Miocene  beds  a  thickness  of  about  300  feet  The  upper 
strata  will  be  again  referred  to  in  considering  the  Pliocene  lake. 

The  fauna  of  the  White  River  lake-basin  is  now  well  known 
to  naturalists.  It  indicates  a  climate  much  less  tropical  than 
that  of  the  Eocene  lakes,  as  is  seen  in  the  absence  of  monkeys 
and  scarcity  of  reptilian  life.  The  BrontotheridoB,  the  largest 
known  Miocene  mammals,  are  peculiar  to  the  lower  strata  of 
this  basin.     They  fully  equalled  the  Eocene  Dinocerata  in  size. 

*Thifl  Journal,  vol.  1,  p.  292,  Sept.,  1870. 

f  TnnsacCioiifl  American  Phil.  Soc.  vol  xii,  p.  105,  1862. 
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A  still  more  ancient  Miocene  lake  existed,  in  about  the  same 
latitude,  on  the  Pacific  slope,  near  the  central  part  of  the  present 
State  of  Oregon.  The  Blue  Mountains  formed  the  eastern  and 
southern  shores  of  this  lake,  but  its  other  limits  are  difficult  to 
ascertain,  as  this  whole  country  has  since  been  deeply  buried 
by  successive  outflows  of  volcjinic  rocks.  It  is  only  where  the 
latter  have  been  washed  away  that  the  lake  deposits  can  be  ex- 
amined. The  discovery  and  first  explorations  in  this  basin 
were  made  by  Eev.  Thomas  Condon,  the  present  State  geologist 
of  Oregon.  The  typical  localities  of  this  Miocene  basin  are 
along  the  John  Day  Eiver,  and  this  name  may  very  properly 
be  used  to  designate  the  lake-basin.  The  strata  in  this  oaein 
are  more  or  less  inclined,  and  of  great  thickness.  One  section, 
near  the  John  Day  River,  examined  by  the  writer  in  1871,  and 
again  in  1873,  seems  to  indicate  a  thickness  of  not  less  than 
5,000  feet  The  upper  beds  alone  of  this  series  correspond  to 
the  deposits  in  the  White  River  basin.  The  lower  portion  also  is 
clearly  Miocene,  as  shown  by  its  vertebrate  fauna,  which  differs 
in  many  respects  from  that  above.  Beneath  these  strata  are 
seen,  at  a  few  localities,  the  Eocene  beds  contjiining  fossil  plants, 
mentioned  above.  They  are  more  highly  inclined  than  the 
Miocene  beds,  and  some  of  them  show  that  they  have  been  sub- 
jected to  heat  The  inferior  stnita  elsewhere  are  Mesozoic,  and 
apparently  Cretaceous.  Above  the  Miocene  strata,  Pliocene  beds 
are  seen  in  a  few  places,  but  basalt  covers  nearly  all. 

III.     Pliocene  LaJce-basiiis, 

At  the  close  of  tlie  Miocene,  a  subsidence  took  place  east  of 
the  Rocky  Mountains.  A  great  Pliocene  lake  was  thus  formed 
directly  over  the  eastern  Miocene  basin,  having  nearly  the  same 
boundaries  on  the  north  and  west,  but  extending  much  farther 
east,  and  stretching  south  nearly  to  the  Gulf  of  Mexico.  It 
covered  an  area  at  least  five  times  as  great  as  the  older  lake, 
while  its  deposits  attained  a  thickness  of  nearly  or  quite  1,500 
feet  This  lake  basin  may  with  great  propriety  be  called  the 
Niobrara  basin,  since  the  Niobrara  River  cuts  through  its  typi- 
cal strata  for  more  than  200  miles  of  its  course. 

The  beds  in  this  basin  lie  nearly  horizontal.  They  are  light 
in  color,  and  much  more  arenaceous  than  the  Miocene  below. 
The  upper  strata  consist  of  hard  sandstones  or  calcareous 
grits,  which  weather  but  slowly,  and  hence  still  form  the  great 
table-lands  over  much  of  the  area  of  the  basin.  The  writer 
has  traced  these  high  plateaux  and  the  intervening  isolated 
buttes  from  near  the  Black  Hills  south  to  the  Arkansas  River, 
and  found  them  all  of  Pliocene  a;z:e.  South  of  the  Smoky  Hill 
River  these  strata  rest  directly  on  the  Creti\ceous. 

The   fauna  of  this  lake-basin    indicates  a   warm  temperate 

cYimnte.     The  more  common  mammals  are  ^  Tcv^^\,odow,  tVvvMoce- 

roseSj  camels  and  horses,  the  latter  \)e\wg  etvp^ci^Xy  ^\m^*oiw\.. 

[To  be  continued.^ 
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SCIENTIFIC    INTELLIGENCE. 

I.   Physics. 

1.  Thtory  of  Electricity, — Mr.  E.  Edlund  has  published  in  full 
his  theory  that  electricity  is  identical  with  the  luminiferous  ether. 
He  first  shows  that  tlie  velocity  A,  with  wliich  the  ether  particles 
move,  differs  from  v,  the  velocity  with  which  this  motion  is  propa- 
gated ;  h  depends  on  the  current  and  increases  with  it,  while  t? 
depends  on  the  ratio  of  the  electricity  to  the  density,  but  is  inde- 
pendent of  the  current.  It  is  the  velocity  v  which  Wheatstone, 
Fizeau  and  others  have  attempted  to  measure.  The  objection  to 
this  theory  raised  by  MM.  Roiti  and  Herwig  are  due  to  their  over- 
lo<^»king  the  differences  in  these  velocities. 

The  memoir  deduces  theoretically  Ampere's  general  formula 
and  the  law  of  the  division  of  the  current  between  several  conduc* 
tors,  when  these  contain  electro-motive  forces.  Kirchlioff's  laws 
are  therefore  an  immediate  consequence  of  the  proposed  theory. 
The  lieating  produced  by  a  galvanic  current  and  by  an  electric 
battery  are  also  given.  The  law  for  the  duration  of  the  discharge 
has  also  been  deduced,  and  agreed  with  that  found  experimentally 
by  M.  Reiss.  The  oscillatory  discharge  of  a  battery  and  the  phe- 
Domena  of  Peltier  again  give  the  same  result  as  that  deduced  expert 
imontally  ;  and  the  same  may  be  said  of  the  laws  experimentally 
established  by  Wiedemann  for  the  transport  of  liquid  in  the  direc- 
tion of  the  galvanic  current  and  for  currents  through  a  diaphragm, 
discovei-ed  by  M.  Quincke. 

As  to  the  rotation  of  the  plane  of  polarization  of  light  by  a 
current,  M.  C.  Neumann  has  shown  tliat  it  can  be  explained  sat- 
isfactorily if  we  admit  that  the  molecular  currents  of  Ampere  act 
upon  the  molecules  of  ether  in  vibration  precisely  as  if  these  last 
were  electric  molecules.  The  demonstration  is  based  on  the  form- 
ula given  by  Weber  for  the  action  of  an  element  of  a  current  upon 
an  electric  molecule  in  motion.  But  as,  according  to  Edlund,  the 
electric  fluid  is  nothing  but  the  ether  itself,  evidently  Neumann's 
hypothesis  is  confirmed,  since  according  to  the  views  of  the  author 
the  molecular  currents  of  Ampere  are  merely  currents  of  ether. 

The  author  says,  in  conclusion,  that  the  theory  proposed  explains 
satisfactorilv  all  the  electric  phenomena  for  which  one  can  demand 
tn  explanation,  based  simply  on  such  a  theory.  The  explanation  of 
many  phenomena  evidently  demands  the  knowledge  of  the  laws  of 
other  forces  than  electricity,  since  they  unite  with  it  in  producing 
the  phenomena  in  question.  For  instance,  Faraday's  law,  that 
when  a  current  traverses  several  electrolytes,  the  decompositions 
are  proportional  to  their  chemical  equivalents,  requires  for  its  the- 
oretical proof  a  much  more  exact  knowledge  of  chemical  forces 
than  we  at  present  possess.  It  is  not  then  in  the  nature  of  things 
that  such  a  law  can  be  deduced  exclusively  from  a  theory  of  elec- 
trical phenomena. — Meim.  Swedish  Acad,  of  Set. y  XII,  No.  8\  Bib. 
Univ.,  ecu,  174.  B 
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2.  JSlectrostaiic  Induction, — M.  Neitrknsuf  has  repeated  with 
a  Holtz  the  experiments  of  MM.  Yerdet  and  Masson,  to  determine 
the  direction  of  the  induced  current  with  the  electric  egg.  Two 
Matteucci  disks  contain,  one  the  inducing,  the  other  the  induced 
spiral.  This  latter  is  put  in  connection  with  the  two  extremities 
6t*  a  cylindrical  Geissler  tube  50  cms.  long.  The  first  spiral  is  con- 
nected by  one  end  with  the  negative  armature  of  the  machine, 
while  the  other  is  attached  to  one  plate  of  a  condenser  with  air 
film,  whose  collector  communicated  with  the  positive  armature. 
The  spark  leaps  between  the  two  armatures  of  the  machine  from 
which  the  condensers  have  been  removed.  Two  currents  in  oppo- 
site directions  traverse  the  inducing  spiral  under  these  conditions, 
the  one  to  charge,  the  other  to  discharge  the  condenser.  Those 
produced  in  the  second  spiral  illuminate  the  Geissler  tube  very 
orilliantly. 

With  an  explosive  distance  of  5  cms.  we  observe  clearly  the  dif- 
ference in  appearance  of  the  two  poles ;  but  we  can,  by  diminishing 
it  continuously,  produce  three  separate  inversions  at  the  instants 
when  the  appearance  of  the  two  poles  is  identical.  When  the 
striking  distance  is  3  cms.  large  and  widely  separated  stratifications 
are  formed,  but  presenting  before  the  last  inversion  all  the  charac- 
ters produced  by  a  Ruhmkorff  coil  The  same  effects  are  pro- 
duced by  altering  the  distance  of  the  spirals  or  of  the  plates  of 
the  condenser.  These  condensers  show  that  the  phenomenon  in 
question  bears  no  relation  to  the  lateral  discharge,  characterized 
es|>ecia]ly  by  the  constancy  of  the  direction  of  the  current  it  pro- 
duces.—  Coinptes  Rendus^  Ixxix,  1071.  k.  c.  p. 

3.  Eff'ect  of  Flame  o//  an  Electric  Spark. — Mr.  S.  J.  Mixtkr 
notices  a  curious  effect  of  a  gas  fiame  on  the  current  of  a  Holtz  ma- 
chine. The  jet  consisted  of  a  glass  tube  drawn  out  to  a  point,  and 
the  fiame  had  a  length  of  about  an  inch  and  a  diameter  of  only  an 
eighth  of  an  inch.  Inserting  this  between  the  two  terminals  of 
the  machine,  the  length  of  spark  obtainable  was  at  once  increased 
from  less  than  ten  inches  to  over  twelve,  the  full  distance  to  which 
the  balls  could  be  separated.  The  same  increase  was  not  obtained 
by  simply  inserting  a  conductor  between  the  two  terminals,  a  ball 
an  inch  in  diameter  only  lengthening  the  spark  about  an  inch. 

E.  c.  p. 

4.  Imws  of  Tuning  Forks. — M.  Mercadier  has  determined  ex- 
perimentally the  effect  of  a  change  in  the  dimensions  of  a  tnnini? 
fork  on  its  number  of  vibrations.  A  style  is  :ittaehe<l  to  the  end 
of  the  prong  .and  draws  a  sinuous  line  on  a  revolvinii:  cylinder 
covered  with  lamf)hlack.  Another  style  attached  to  an  eh^ctro- 
magnet  registers  the  beats  of  a  clock  <riving  seconds.  The  vibra- 
tion of  the  fork  is  maintained  electrically.  Hy  the  thickness  of 
prong  is  meant  its  dimension  ])arallel  to  the  vibrations,  by  it8 
breadth,  the  perpendicnhir  direction.  A  fork  having  a  breadth  of 
35*3  mms.  gave  144*7  vibrations.  Reducing  its  breadth  to  30*9 
and  24*8  it  still  gave  144*7  and  144*9  vibrations.  Hence  the  num- 
ber of  vibrations  is  independent  of  the  breadth.     A  similar  meas- 
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nrement  was  made  with  different  thicknesses  from  20*25  mms.  to 
4*37  mni8.  and  showed  that  the  number  of  vibrations  was  nearly 
proportional  to  the  thickness.  A  fork  three  decimeters  long  w^as 
then  shortened  20  rams,  at  a  time  and  the  vibrations  measured  in 
e:ich  case.  The  length  of  tlie  prong  being  altered  from  296  to  67 
mnis.,  the  number  of  vibrations  increased  from  40  to  974.  Hence 
the  vibrations  are  inversely  proportional  to  the  square  of  the  lengths, 
calling  the  latter  the  projection  of  the  line  bisecting  the  prong,  or 
the  axis  plus  a  small  quantity  y,  which  in  this  case  equalled  3  8 
mms.     These  laws  may  be  written  in  the  form  of  the  equation 

«—  7T-; — rr>  in  which  n  is  the  number  of  vibrations,  e  the  thick- 

ues8,  ^  the  length,  y  a  small  constant,  and  JTa  constant  depending 
on  the  material.  For  steel,  Jr^818270.  To  compare  this  con- 
stant with  theory,  JET  was  computed  from  the  formula  for  the 
number  of  vibrations  of  an  elastic  bar  in  terms  of  r,  the  velocity  of 
sound  in  it ;  taking  v=i4986  m.,  according  to  the  experiments  of 
Wertheim  ;  JTin  tnis  case  became  820131,  a  result  differing  from 
that  previously  obtained  by  only  a  fifth  of  one  per  cent.  The 
number  of  vibrations  of  three  forks  were  found  by  measurement 
to  be  144-7,  77*7,  29*7,  an<l  by  the  formula  146-4,  79*0,  29*0.  Hence 
forkft  may  be  made  by  calcuhition  to  give  any  desired  number  of 
vibrations  within  one  or  two  per  cent. —  Comptes  Bendus,  Ixxix, 
1001,  1069.  B.  ( .  p. 

6.  Polarization  of  Light ;  by  William  Spottiswoode,  M. A., 
LLD.,  F.R.S.  130  pp.  12mo.  London:  1874.  Nature  Series. 
(Macmillan  <fe  Co.) — This  small  treatise  on  the  Polarization  of 
Light,  as  the  Preface  states,  contains  the  substance  of  lectures  de- 
livered by  the  author  at  various  times  to  his  work-people,  and 
** constitutes  a  talk  rather  than  a  treatise  on  Polarized  Light." 
The  fnndaraental  principles  of  the  subject  are  explained  in  a  sim- 
ple manner,  and  are  well  illustrated  by  means  of  two  beautifully 
colored  plates,  besides  a  number  of  wood-cuts. 

IL  Geology  and  Natural  History. 

1.  Kirthquakes  of  North  Carolina, — An  excellent  article  on 
earthquakes  in  the  mountain  region  of  North  Carolina  has  been 
published  by  Hon.  T.  L.  CHngman  in  tlje  Western  Expositor  of  Ashe- 
?ille,  N.  C.  He  states  that  more  than  thirty  years  since  his  at- 
tention was  call»?d  to  statements  that  a  mountam  in  the  northern 
part  of  Haywood  County  was  shaken  at  intervals  of  two  or  three 
jeara;  and  in  1848  he  visited  the  region  and  published  a  paper 
on  it    The  principal  facts  stated  were  these : 

Between  the  Blue  Ridge,  which  in  North  Carolina  separates  the 
waters  falling  into  the  Atlantic  from  those  discharged  into  the  Mis- 
asiippi,  and  the  great  chain  on  the  Tennessee  border  designated  in 
its  conrse  by  snch  names  as  Iron,  Unaka,  and  Smoky,  there  is  an 
elevated  plateau  of  over  two  hundred  miles  in  length,  with  wi 
average  breadth  of  fiftj  milea.     The  beds  of  the  larger  «tte^TQa 
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are  two  thousand  feet  above  the  sea,  and  the  general  level  of  the 
country,  exclusive  of  the  mountain  ranges,  may  be  estimated  at 
twenty-five  hundred  feet  above  tide-water.  Haywood  County 
joins  the  State  of  Tennessee  on  its  northern  border,  and  the  seat 
of  the  disturbance  is  within  less  than  twenty  miles  of  the  line  of 
that  State.  A  considerable  range  of  mountains  extends  north  and 
south  along  the  line  which  separates  the  counties  of  Buncombe 
and  Haywood.  From  the  west  side  of  this  extends  a  ridge,  which 
terminates  near  the  head  of  Fines  Creek.  A  quarter  of  a  mile 
from  its  western  end,  as  one  moves  up  it  toward  the  east,  is  the 
locality  referred  to.  The  effect  of  the  disturbance  is  visible  near 
the  crest  of  the  ridge  and  extends  in  a  direction  nearly  sooth, 
down  the  side  of  the  little  mountain,  four  or  five  hundred  yards, 
to  the  level  ground,  and  across  it  for  some  distance  and  along  the 
elevations  beyond.  The  whole  extent  may  be  a  mile  in  length, 
with  a  breadth  of  not  more  than  a  couple  of  hundred  yards  at  any 
point.  The  top  of  the  ridge,  where  evidences  of  violence  are  seen, 
IS  perhaps  three  or  four  hundred  feet  higher  than  the  ground  be- 
low. There  are  cracks  in  the  solid  granite  of  which  the  ndge 
appears  to  be  composed,  but  the  chief  evidences  of  violence  were 
observable  a  little  south  of  the  crest.  From  thence  along  the 
side  of  the  mountain,  as  one  descends,  there  were  chasms,  none  of 
them  above  four  feet  in  width,  generally  extending  north  and 
south,  but  also  occasionally  seen  in  all  directions.  All  the  large 
trees  had  been  thrown  down.  There  were  a  number  of  little  hillocks, 
the  largest  eight  or  ten  feet  high  and  fifty  or  sixty  feet  in  diame- 
ter. They  were  usually  surrounded  by  what  appeared  to  have 
been  a  narrow  crevice.  On  their  sides  the  saplings  grew^  perpen- 
dicularly to  the  surface  of  the  ground,  but  obliquely  to  the  horizon, 
making  it  manifest  that  they  had  attained  some  size  before  the  hil- 
locks had  been  elevated.  \  observed  a  large  poplar  or  tulip  tree 
which  had  been  split  through  its  center,  so  as  to  leave  one-half  of 
it  standing  thirty  or  forty  feet  high.  The  crack  or  opening  under 
it  was  not  an  inch  wide,  but  could  be  traced  for  a  hundred  yards, 
making  it  evident  that  there  had  been  an  opening  of  sufficient 
width  to  split  the  tree,  and  that  then  the  sides  of  the  chasm  had 
returned  to  their  original  position  without  having  slipped,  so  as  to 
prevent  the  contact  of  the  broken  roots. 

When  I  was  there  I  was  told  that  three  years  had  elapsed  since 
the  last  previous  shock.  They  were  first  noticed  about  the  year 
1812,  and  usually  repeated  at  intervals  ol"  two  or  three  years.  In 
1851  I  visited  the  locality  again,  having  been  informed  that  a 
feeble  jar  had  occurred.  As  soon  as  I  arrived  at  the  locality,  I  was 
struck  with  the  truthfulness  of  what  many  persons  had  told  me, 
that  after  each  shock  the  appearance  of  the  place  was  so  much 
changed  that  it  did  not  at  all  resemble  itself.  On  this  occasion, 
thousrh  the  shock  had  been  a  feeble  one,  I  found  the  appearances 
very  different.  The  greatest  evidences  of  violence  were  near  the 
foot  of  the  ridge,  the  branch  having  been  somewhat  turned  out  of 
its  course.     Near  this  place  a  rock  of  considerable  size  had  been 
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thrown  up  and  had  only  paitially  settled  back,  owing  to  the  clos- 
ing of  the  opening  under  it,  so  that  the  former  earth  marks  were 
leen  several  feet  above  the  ground  on  its  sides. 

In  the  year  1867  I  saw  the  locality  again.  A  number  of  shocks 
bad  in  the  meantime  occurred,  and  the  appearances  were  very 
lifferent  from  what  they  had  been.  From  the  top  of  the  ridge  to 
^e  base  it  seemed  a  mass  of  rock^,  most  of  the  earth  having  been 
jarried  away.  The  depression  at  the  top  was  greater,  while  the 
successive  jars  had,  under  the  action  of  the  force  of  gravity,  moved 
the  mass  downward,  and  had  forced  the  stream  still  further  away 
from  the  hill  The  violence  had  at  one  point  extended  itself  a 
ittle  further  to  the  east.  A  large  oak  tree  of  great  age  and  four 
>r  five  feet  in  diameter  had  been  entirely  split  open  from  root  to 
kop,  and  thrown  down  so  that  the  two  halves  lay  several  feet 
ipart. 

In  my  former  publication,  it  was  suggested  that  if  the  pheno- 
mena at  this  pomt  were  due  to  volcanic  action,  similar  disturb- 
ances would  be  noticed  at  other  localities  in  the  Alleghany  range. 
I  was  soon  informed  that  three  or  four  years  previously,  in  the 
Boutheastem  part  of  Macon  County,  between  the  Tuckasegee  River 
and  the  Cowee  Mountain,  the  ground  was  shaken  violently  for 
several  minutes.  A  few  days  afterward  some  persons  discovered 
a  fresh  chasm,  two  or  three  feet  wide,  which  extended  more  than  a 
mile.  This  was  in  the  month  of  June,  and  they  said  the  leaves 
and  branches  of  timber  immediately  above  the  chasm,  in  places, 
presented  the  appearance  of  having  been  scorched.  Thougli  I 
▼as  not  able  to  visit  the  place,  yet  from  the  chara<?ter  of  my  inform- 
ants I  do  not  doubt  but  that  the  facts  were  as  above  stated. 

I  have  also  been  informed  that  in  the  county  of  Cherokee,  in  the 
year  1829,  or  thereabouts,  the  Valley  Kiver  Mountain  was  cleft 
open  for  a  considerable  distance,  during  a  violent  shaking  of  the 
earth  in  that  vicinity.  The  chasm,  though  partially  filled  up,  is 
represented  as  still  visible. 

Mr.  Silas  McDowell,  of  Macon  County,  a  highly  respectable 
and  intelligent  gentleman,  accustomed  to  observe  and  wiite  on 
inch  subjects,  has  stated  recently  in  a  paper  published  at  Asheville, 
that  many  years  since  there  was  a  violent  shock  in  the  neighbor- 
hood where  he  resides,  during  which  a  chasm  was  opened  on  the 
north  side  of  the  mountain  which  separates  the  Ellejay  waters  from 
those  of  the  Sugar  Fork  River.  He  states  that  the  opening  is  still 
mble.  This  locality  is  eight  or  ten  miles  to  the  southeast  of 
Franklin,  in  Macon  County. 

About  three  years  since  I  heard  from  many  persons,  that  for 
aereral  weeks  smoke  continued  to  issue  from  a  small  crevice  in  the 
rock,  in  Madison  County.  Not  long  afterward  I  went  to  the 
place,  and  though  the  smoke  had  previously  ceased  to  issue,  yet 
there  was  evidence  that  the  locality  had  at  some  time,  probably 
during  the  present  century,  been  subjected  to  violence,  that  had 
changed  the  outlines  of  the  ground  and  surface  rocks.  This  spot 
b  about  fifteen  miles  east  of  the  Haywood  Mountain,  and  «\>o\x\» 
IS  fiir  from  the  Warm  Spring  to  the  northwest  of  it. 
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Lastly,  we  have  to  notice  the  disturbance  of  the  Bald  and  Stone 
Moantains.  They  are  sitoated  six  or  eight  miles  to  the  east  of  the 
Blue  Kidge.  Between  the  headwaters  of  the  Catawba  and  those 
of  Broad  River,  there  extends  many  miles  eastward  a  range  of 
mountains  attaining  the  height  in  places  of  four  thousand  feet. 
The  Bald  and  Sione  Mountains,  from  their  appearance,  are  proba- 
bly the  highest  part  of  this  ridge,  and  nearly  equidistant  from  the 
Catawba  and  Broad  Rivers.  My  information  in  reference  to  them 
is  derived  entirely  from  conversations  with  a  number  of  ffentlemen, 
and  from  the  accounts  published  in  the  newspapers.  The  first  shocks ' 
were  perceived  on  the  10th  of  February  last,  and  they  were  for 
the  first  month  or  two  more  frequent  than  they  have  since  been. 
During  the  last  two  months  they  have  occurred  at  intervals  of  a 
week  or  two,  but  have  been  rather  more  violent  than  the  average. 
Within  the  last  five  months  probably  a  hundred  shocks,  accom- 
panied with  noises,  have  occurred* 

The  distance  from  this  point  to  the  Valley  River  Mountain,  in 
Cherokee,  nearly  due  west,  is  more  than  one  hundred  miles  in  a 
direct  line.  From  the  mountain  in  Haywood,  to  reach  the  parallel 
of  latitude  passing  through  the  mountain  near  Fllejay,  in  Alacon, 
one  must  travel  more  than  thirty  miles  south.  It  is  thus  mani- 
fested that  there  is  a  belt  of  country  more  than  a  hundred  miles 
in  extent  from  east  to  west  by  thirty  in  breadth  in  which  such 
disturbances  have  been  observed.  In  the  present  state  of  scientific 
knowledsce,  it  may  not  be  an  easy  task  to  offer  an  explanation  of 
the  causes  which  will  be  generally  accepted  as  satisfactory. 

When  we  take  into  account  these  indications  at  different  points 
in  the  North  Carolina  mountains,  it  seems  evident  that  there  is 
beneath  the  surface  a  condition  of  things  that  extends  over  a  con- 
siderable area.  A  portion  of  the  globe  which,  from  its  geological 
structure,  ought  to  be  regarded  as  being  as  stable  as  any  part  of 
our  planet,  is  nevertheless  not  free  from  change.  Whether  this  is 
to  be  regarded  as  due  to  the  diminishing  force,  which  at  one  time 
was  sufficient  to  heave  up  this  tract  of  country,  with  all  its  moun- 
tain chains,  or  whether  it  is  to  be  considered  as  evidence  of  a 
gradual  return  of  that  volcanic  action  which  manifests  itself  still 
elsewhere,  to  so  great  an  extent,  it  is  perhaps  difficult  to  decide 
until  further  observations  have  been  made.  Is  it  not  of  sufficient 
interest  to  justify  the  managers  of  the  Coast  Survey,  or  some  other 
competent  agency,  to  make  such  careful  measurements  of  the 
hi'ight  of  certain  points,  as  to  ascertain,  within  the  next  twenty- 
five  or  fifty  years,  whether  any,  and  to  what  extent,  changes  may 
be  occui-ring  in  tliis  region  ? 

2.  Poi-phyn/  of  the  Island  of  Lambay,  a  few  miles  north  of 
Jhiblin  Bay, — Professor  Edward  Hull  finds  this  green  por- 
phyrv  (Geol.  Mag.  for  Oct.,  1874)  to  consist  of  a  felsitic  base, 
whicli  is  penetrated  throughout  with  grains  of  a  chloritic  min- 
eral and  magnetite,  and  crystals  of  orthoclase.  Minute  cavities 
have  sometimes  clusters  of  crystals  of  magnetite  on  the  inner 
surface,  and  chlorite,  or  calcite,  or  both,  in  the  interior.     The 
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chlorite  is  regarded  by  the  author  as  of  secondary  origin,  and  as 
''introduced  by  the  agency  of  water,  which  has  permeated  the 
whole  mass  of  the  rock  through  channels  inconceivably  narrow/' 
The  ealcite  is  diffused  throughout  the  rock  and  also  in  its  minute 
rifts  and  cavities,  and  the  author  remarks  also  that  ^'  it  is  unques- 
tionably due  to  infiltration ;"  adding  that  '^  it  is  easy  to  conceive 
that  water  percolating  downward  through  to  the  lunestone  and 
the  thiD  coating  of  Old  lied  Sandstone  beneath,  would  become 
thoroughly  impregnated  with  carbonate  of  lime,  which  it  would 
deposit  amongst  the  fissures  and  cells  of  the  older  rocks  beneath." 

As  urged  in  this  Journal,  vol.  vi,  p.  107,  with  reference  to  the 
Mesozoic  trap  of  the  vicinity  of  New  Haven,  Connecticut  (and 
applied  also  to  other  traps  or  dolerytes),  it  seems  to  be  quite  cer- 
tain that  the  chlorite  in  the  above  mentioned  porphyry,  and  in 
i^eons  rock  generally,  was  not  only  derived  from  ingredients  in 
the  rock,  but  was  made  through  the  agency  of  water  that  gained 
idmisaioD  from  some  subterranean  source  when  the  melted  rock 
wa$  ascending  to  the  surface/*  that  the  same  is  true  for  other 
hydrons  minerals  dissemmated  through  the  mass  of  any  igneous 
rock,  for  example,  the  zeolitic,  in  phonolvtes.  The  same  kind  of 
evidence  sustains,  as  stated  in  the  same  place,  the  conclusion  that 
til  amygdaloidal  rocks  owe  the  cavities  which  they  contain  (the 
cavities  occupied  bv  the  amygdules),  and  a  large  part  of  the 
xeolitic  and  other  minerals  in  the  cavities,  mainly  to  the  action  of 
the  same  waters  on  the  rock — first  while  melted  and  then  while 
cooling  from  a  state  of  fusion.  Furtlier,  such  waters  may  have 
carried  into  the  cavities  not  only  hvdrous  minerals,  but  also 
aDhydrouB.  Melted  rock  rising  in  a  i^ssure  would  take  in  also 
any  gas  or  vapor  that  was  evolved  by  the  heat  from  rocks  adja- 
cent to  the  fissure,  and  would  thus  become  more  or  less  pene- 
trated with  the  gas  or  vapor,  and  bv  this  method  carbonate  of 
lime  might  have  been  made  with  any  lime  in  the  rock,  if  carbonic 
acid  were  the  gas  received,  or  other  minerals  with  the  aid  of  other 
vapors,  even,  it  might  be,  metallic  ores.  If  cavities  exi^t  they  are 
tare  to  become  filled,  because  all  solutions  would  pass  into  them 
and  keep  depositing  until  they  were  full ;  and  the  rock,  if  the  cavi- 
ties were  numerous,  might  thus  be  drained  of  a  large  part  of  the 
minerals  formed,  the  chlorite  excepted.  These  cavities  have  no 
doubt  sometimes  received  mineral  material  from  infiltrations  of 
later  date,  but  not  so  the  body  of  the  rock.  j.  d.  dana. 

3.  Geological  avd  Topographical  Survey  of  the  l^erritories. — 
Concerning  the  work  of  the  season  just  ended,  the  Secretary  of  the 
Interior  makes  the  following  Report  to  Congress : 

**  The  first  division  of  the  survey  under  Mr.  Hayden  completed 
the  nnfinLshed  work  of  the  preceding  season  in  the  central  portion 
of  Colorado  Territory,  and  extended  its  operations  westward  over 
that  portion  of  said  territory  lying  between  tlie  one  hundred  and 

*  The  oondiiBioii,  as  far  as  it  regards  the  trap  of  the  Connecticut  Valley,  is  sus- 
tuiad  bj  the  microsoopic  researches  of  Mr.  E.  S.  Dana,  an  abstract  of  whose 
is  given  oo  page  390  of  the  last  volume  of  this  Journal 
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eighth  and  one  hundred  and  tenth  meridians  of  west  longitude 
About  eighteen  thousand  square  miles  were  surveyed,  covering  a 
section  of  country  probably  more  ffenerally  elevated  above  the 
sea-level  than  any  other  within  the  borders  of  the  United  States. 
As  an  illustration  of  the  uniform  great  elevation  of  extensive  sec- 
tions of  this  region,  it  may  be  mentioned  that  one  of  the  subdi- 
visions of  the  survey,  in  exploring  an  area  of  nearly  three  thou- 
sand square  miles,  was  compelled  to  operate  above  the  timber-line 
(about  11,500  feet  above  the  level  of  the  sea)  for  over  a  month. 
The  necessary  materials  have  been  collected  for  constructinfic  ac- 
curate maps  of  the  region  surveyed,  which  will  require  for  illus- 
tration six  sheets  or  maps  of  the  physical  atlas.  Special  attention 
was  given  to  the  mining  and  agricultural  resources  of  the  country, 
and  those  portions  of  it  which  can  be  redeemed  by  irrigation  will 
be  properly  indicated  on  the  maps.  The  San  Juan  mining  region 
in  southern  Colorado  was  included  in  the  survey,  and  over  fifty 
mines  therein  were  properly  located.  Many  valuable  specimens 
of  ores,  minerals,  fossils,  Indian  art,  <fec.,  were  collected.  Numer^ 
ous  ruins  of  towns  and  dwellings  of  an  extinct  race  of  people 
which  once  inhabited  the  m^sas  and  canons  of  western  Colorado 
were  found,  and  remarkable  fortifications  of  hewn  stone  laid  in 
mortar  discovered  in  the  sides  of  deep  canons,  many  of  which  are 
situated  a  thousand  feet  vertically  from  the  stream  below.  The 
structure  of  these  fortifications  and  dwellings,  and  the  peculiar 
glazed  pottery  in  the  vicinity,  indicate  the  existence  of  a  people 
inhabiting  this  reunion  many  centuries  ago,  who  wore  much  further 
advanced  in  the  arts  than  any  of  the  Indian  tribes  of  the  present 
day.  The  results  of  the  work  of  the  past  season  will  exceed  in 
quantity  and  interest  those  of  any  previous  year. 

The  field  of  operations  during  the  past  season  of  the  second  di- 
vision, under  Mr.  Powell,  was  the  central  and  northeastern  por- 
tions of  Utah  TeiTitory,  and  its  labors  were  principally  confined 
to  the  completion  of  the  unfinished  work  of  the  preceding  year. 
The  main  party  is  still  in  the  field,  so  that  the  full  results  of  the 
season's  survey  cannot  at  this  date  be  given.  It  may  be  stated, 
however,  that  material  has  been  collected  for  the  mapping  of  an 
extensive  region  of  country  heretofore  but  little  known ;  that  the 
positions  of  many  of  the  more  important  mineral  lodes  have  been 
determined,  and  will  be  represented  on  the  "  general"  maps ;  and 
that  the  area  and  distribution  of  such  portions  of  the  country  sur- 
veyed as  can  be  redeemed  by  irrigation  will  be  properly  indi- 
cated on  the  "special"  maps.  Extensive  coal-beds  have  been  dis- 
covered and  traced,  interesting  and  valuable  specimens  of  fossils, 
rocks,  minerals,  and  ores  obtained,  and  a  large  collection  made  of 
Indian  relics  and  articles,  illustrating  the  arts  existing  among  the 
Indians  inhabiting  that  region.  Mr.  Powell  had,  in  former  sur- 
veys, discoveri'd  many  ruins  of  towns  and  hamlets  once  occupied 
by  the  ancient  inhabitants  of  the  valley  of  the  Colorado  River; 
and  during  the  past  season  many  other  such  ruins  have  been 
found,  some  of  their  ancient  picture-writings  and  many  of  their 
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stone  implements  collected.  The  positions  of  many  scores  of 
these  ruined  towns  will  be  accurately  indicated  on  the  *^  general  '* 
maps.  The  researches  of  this  division  among  the  extinct  races, 
as  well  as  the  present  inhabitants  of  this  interesting  region,  have 
embraced  polity,  mythology,  traditions,  language,  poetry,  arts, 
habits,  customs,  and  the  means  of  obtaining  subsistence,  together 
with  pre-historic  remains;  and  when  the  results  obtained  shall 
have  been  published,  it  is  believed  that  they  will  constitute  an 
important  contribution  to  the  ethnography  of  American  tribes. 

These  surveys  have,  so  far  as  they  have  been  prosecuted,  re- 
sulted in  affording  much  information  of  great  value  to  our  people, 
as  well  as  to  the  scientific  world.  The  construction  of  a  physical 
atlas  of  the  Territories,  which  will  show  all  the  results  of  the  sur- 
Teys  as  rapidly  as  they  can  be  prepared  for  publication,  is  de- 
signed to  preserve,  for  convenient  reference,  the  information  thus 
obtained ;  and  if  a  continuation  of  the  surveys  should  be  author- 
ized, such  an  atlas  would  become,  in  time,  of  intrinsic  value,  not 
only  to  the  people  at  large,  but  to  other  nations. 

In  view  of  tnese  and  other  considerations,  I  regard  the  mod- 
erate cost  of  these  surveys  as  more  than  compensated  by  the  value 
of  the  information  thereby  obtained,  and  therefore  cordially 
lecommend  a  continuation  of  the  United  States  geological  sur- 
vey of  the  Territories." 

The  many  photographs  taken  by  the  artist,  Mr.  Jackson,  during 
the  past  season,  are  admirable  specimens  of  the  photographic  art. 
There  is  not  as  bold  scenery  as  in  some  Rocky  Mountain  views, 
bat  there  is  wonderful  beauty  of  landscape,  which  is  heightened 
by  the  perfect  aerial  perspective  given  the  pictures  and  the  well- 
selected  foreground.     Lakes,  rivers,  canons,  hills,  eroded  strata, 
mountain  ridges  and  distant  snowy  ranges,  are  the  different  ele- 
ments in  the  views.     They  are  from  the  Middle  Park,  the  Grand 
River  region  and  other  places.     A  considerable  number  of  them 
lepresent  cave-dwellings  hi^h  up  on  cliffs,  in  the  canon  of  the 
Mancos,   and  near  the  McElmo,  and  ruins  of  walls  and  other 
I  itructnres  of  stone  in  the  vicinity  of  the  same — the  dwellings  and 
c  fortified  places  of  a  semi-civilized  race  now  extinct. 

4   On  the  more  rapid  deposition  of  Sediment  in  Salt  than  in 
\fie$h  teater. — Prof.  T.  Stebby  Hunt,  in  a  recent  article  in  the 
:  Proceedings  of  the  Boston  Natural  History  Society,  calls  attention 
I  to  the  fact  that  the  effect  of  salt  in  water  on  the  rate  of  deposition 
;  vu  first  mentioned  by  Mr.  Slidell,  in  Humphrey  and  Abbott's  lie- 
port  on  tlie  Mississipi  River,  and  then  explains  it  on  the  ground 
of  the  less  cohesion  between  the  particles  of  salt  water,  as  j)roved 
hjihe  fact  that  drops  of  salt  water  are  smaller  than  those  of  fresh 
ttter. 

5.  Artesian  boring  at  the  St.  Louis  Insane  Asylum. — Mr.  G. 
CI  Bboadhkad,  State  Geolo^st  of  Missouri,  gives  the  details  re- 
ipecting  this  boring,  in  the  Transactions  of  the  St.  Louis  Academy 
m  Sciences,  yoL  iii,  216.  The  whole  depth  is  3,843-6  feet ;  of  this 
the  last  40  feet  were  through  ATcbvean  granite;  above,  tbe  \>e^^ 
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were  of  the  Lower  Silurian  and  Carboniferous  formations. 
Carboniferous  at  the  well  had  a  thickness  of  873  feet — 80 
Coal-measures,  670  feet  Subcarboniferous,  98  feet  Choutean  a 

Preferred  by  most  authors  to  the  Subcarboniferons,  and  call 
owa  and  Illinois  the  Kinderhook  group).  The  Lower  Sik 
beginning  above,  consists  of  Trenton  421  feet;  iirst  magn 
limestone  148  feet;  sandstone  (called  saccharoidal  sandstone, 
in  glass-making)  183  feet;  second  limestone  517  feet;  se 
sandstone  82  ^t ;  third  limestone  838  feet ;  third  sandstoi 
feet ;  fourth  limestone  384  feet ;  fourth  sandstone,  called  Pots 
299*6  feet.  Salt  water  was  obtained  (in  place  of  fresh)  at  ] 
feet,  and  a  sulphur  water  at  2,140  feet.  At  2,256  the  water  ii 
sand-pump  indicated  3  per  cent  of  salt ;  at  2,957  feet,  4^  per  ( 
at  3,293  feet,  2  per  cent;  at  3,367  feet,  less  than  2  per  cent 
3,384  feet,  3  per  cent ;  and  below  3,545  feet,  7  to  8  per  < 
With  a  Fahrenheit  self-registering  thermometer,  the  tempera 
obtained  at  depths  from  3,127  to  3,837  varied  from  107°  to  1( 
being  105°  at  the  lowest  point  reached. 

In  an  artesian  well  at  Belchers  sugar  refinery,  SL  Louis, 
water  was  obtained  at  610  and  849  feet  below  the  surface  at 
place,  or  790  and  1,029  feet  below  the  level  of  the  surface  at 
asylum  well 

6.  Return  of  Profe^Bor  Marshes  .Eapedition, — Professor  Mj 
returned  to  New  Haven,  Dec.  12th,  after  an  absence  of 
months  in  the  West.  The  object  of  the  present  expedition  wi 
examine  a  remarkable  locality  of  fossils,  discovered  during  the 
summer  in  the  Bad  Lands  south  of  the  Black  Hills.  The  exj 
ations  were  very  successful,  notwithstanding  extremely 
weather  and  the  continued  hostility  of  the  Sioux  Indians, 
latter  refused  to  allow  the  expedition  to  cross  White  River,  b 
reluctant  consent  was  at  last  obtained.  They  afterward  stoj 
the  party  on  the  way  to  the  Bad  Lands,  attempted  a  night  at 
on  their  camp,  and  otherwise  molested  them,  out  the  acconip 
ing  escort  of  United  States  troops  proved  sufficient  for  p  rot  eel 
The  fossil  deposits  explored  were  mainly  of  Miocene  age,  ; 
although  quite  limited  in  extent,  proved  to  be  rich  beyond  expc 
tion.  Nearly  two  tons  of  fossil  bones  were  collected,  most  of  t 
rare  specimens,  and  many  unknown  to  science.  Among  the  i 
interesting  remains  found  were  several  species  of  gigantic  Rro 
thericUBy  nearly  as  large  as  Elephants.  At  one  point  these  b 
were  heaped  together  in  such  numbers  as  to  indicate  that  the 
mals  lived  in  herds,  and  had  been  washed  into  this  ancient  lak< 
a  freshet.  Successful  explorations  were  made,  also,  in  the  Plio« 
strata  of  the  same  region.  All  the  collections  secured  go  to  '' 
College,  and  will  soon  be  described  by  Professor  Marsh. 

7.  Survey  of  the  40th  Parallel, — The  preparation  of  the 
reports  on  this  Survey,  by  Clarence  King,  is  in  rapid  progi 
and  their  publication  is  expected  to  go  forward  during  the  pre 
year.     Prof.  Zirkel,  of  Leipsic,  was  in  the  country  during 
month  of  September,  at  Mr.  King's  solicitation,  to  examine  i 
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ipecimens,  and  to  take  for  study  the  thin  sections  of  the  rocks 
rhich  had  been  made— more  than  a  thousand  in  number — and  will 
prepare  a  report  upon  them  for  publication  in  the  40th  Parallel 
jeries. 

8.  OeolofficcU  Sketch  of  the  iStute  of  JJissoitri^  illustrated  by 
naps;  by  Geo.  C.  Swallow,  A.M.,  M.D.,  late  State  Geologist, 
ind  I^of.  Agric.,  Geol.  and  Hot.  in  the  Univ.  of  the  State  of  Mis- 
M>arL  10  pp.  large  4to.  St.  Louis,  1873.  (R.  A.  Campbell.) 
This  sketch  by  Professor  Swallow  presents  a  brief  review  of  the 
[jeology  of  the  State  of  Missouri  and  is  accompanied  by  a  colored 
section  and  a  colored  ecological  map.  The  section  makes  the 
trhird  and  fourth  magnesian  limestones,  with  the  intervening  sand- 
itone,  equivalents  of  the  Primordial. 

9.  Das  ElhthcUgebirge  in  Sachsen  of  Dr.  Geinffz. — The  fifth 
number  of  Part  II  has  been  issued  by  the  publisher,  T.  Fischer, 
of  CasseL  It  contains  the  Gasteropods  and  Cephalopods,  with 
plates  29  to  36  inclusive. 

10.  Preliminary  Notice  of  Chondrodite  (Crystals  from  the  TiUy- 
Foster  Iron  Mine^  Brewster^  N,  Y,  ;  by  Edward  S.  Dana. — The 
oecorrence  of  chondrodite  in  large  quantities  at  the  Tilly-Foster 
Iron  Mine  has  already  been  described  by  Professor  Dana  in  an 
article  upon  "  Serpentine  Pseudomorphs,"  publislied  in  the  two  pre- 
ceding numbers  of  this  Journal.  In  addition  to  the  common  mas- 
live  variety  of  the  species,  and  that  occurring  in  large  coarse  crys- 
tals, there  have  been  found  also,  though  very  rarely,  some  small 
but  very  fine  crystals,  admitting  of  the  most  accurate  measure- 
]ient«.  These  crystals  are  of  a  rich  garnet-red  color,  with  abso- 
lutely faultless  luster,  and  arc  modified  by  a  very  large  number  of 
planes.  The  special  interest  of  chondrodite  arises  from  its  relation 
50,  or  more  property  identity  with,  the  Vesuvian  humite,  whose  re- 
nmrkable  crystalloffraphic  character  in  its  three  types  of  forms  has 
been  made  known  m  full  by  the  labors  of  Seech i  and  vom  Rath. 
Kokflcharow  has  shown  that  the  chondrodite  of  Pargas  is  identi- 
cal in  angle  with  the  second  type  of  humite,  and  vom  Rath  has 
nnce  obtained  the  same  result  for  the  Swedish  specimens.  The 
examination  of  the  Brewster  crystals,  which  I  have  been  carrying 
on  for  the  past  few  months,  shows  that  they  also  belong,  for  the 
most  part,  to  the  second  type,  though  among  a  considerable  num- 
ber of  crystals  I  have  identified  also  representatives  of  the  third 
tijfpe.  A  few  angles  will  show  how  close  is  the  resemblance  to 
£e  humite.     (The  letters  for  the  planes  are  those  used  by  vom 

Rath.) 

n  Type.  Ill  Type. 

Humite  (v.  Rath).    Ohondrodite  (E.  S.  Dana).    Humite.      Chondrodite. 

A'.\r      135"  18'        135'  19'  A:  \r  =  UV  51'         |  }}}!  ^^ 

A:\r      125*  49'        125'  50'  ^:    t  =  109*  28'  109'  25' 

A :  e        108*  58'        109'     3'  A:\i=  125'  16'  125'  13' 

A :  i        122*  28'        122*  28' 

The  planes,  which  occur  constantly,  are  the  same  that  are  fo\md. 
OD  hmnite,  and  the  kind  cf  hemihedriem  is  the  same.    T\\\a  \«  \.iu<ft 
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for  both  types ;  thus  in  type  II  the  planes  identified  on  chon 
dite  are  A^  i,  6\  4-r,  +ir,  —  ^r,  ^|r,  w, ^n,  —  w/, «,  e,  ^,  etc.   1 

III,  chondrodite,  -f^,  +i^  +4^  -  i^  ~  f^  —  A*"*  **>  i**>  f»*>  * 
etc. 

In  addition  to  these  prominent  planes,  I  have  measured, 
more  or  less  surely  determined,  upwards  oi  9^  hundred  other  pla 
very  minute,  and  yet  flat  and  giving  in  many  cases  perfectly  r< 
ble  angles.  As  would  naturally  be  expected,  the  indices  of  tl 
planes  are  in  general  anything  but  simple.  The  discussioi 
these,  and  the  description  of  other  points  of  interest  which  h 
been  observed,  including  several  twins,  must  be  deferred  till 
final  completion  of  the  memoir,  which,  it  is  hoped,  will  not  be  1 
delayed. 

11.  Livingstonite. — This  mineral,  recently  described  by  Sc 
M.  B&rcena  (see  this  Journal,  last  vol.,  p.  146),  has  been  analy 
by  its  describer  with  the  following  results:  Sulphur  29*08,  a 
mony  63*12,  mercury  14*00,  iron  3*50  =  99'70;  wnencetheato 
ratio  for  the  sulphur,  antimony,  mercury  and  iron  18*17  :  8*7  :  1 
1-2  •=  (nearly)  15  :  7  :  1  :  1. 

The  livingstonite  occurs  at  Huitzuco,  in  the  State  of  Guerren 
a  matrix  of  carbonate  and  sulphate  of  lima,  along  witli  nai 
sulphur,  cinnabar,  valentinite  and  stibnite.  The  author  menti 
the  occurrence  of  some  specimens  of  cinnabar  at  the  locality  wl 
have  the  form  of  livingstonite,  and  which,  therefore,  are  pseudon 
phous. 

12.  On  Dawsonite^  a  new  mineral ;  by  B.  J.  Harringi 
Chemist  and  Mineralogist  to  the  Geological  Survey  of  Can; 
(Canadian  Naturalist,  vii,  August,  1874.) — Dawsonite  is  froi 
whitish  felsitic  dike  near  the  western  end  of  McGill  C^olU 
Montreal.  Hunt  obtained  for  the  rock  (which  he  calls  trachy 
after  separating  9*55  by  nitric  acid  (Geol.  Can.,  1863,  659,  6< 
silica  63-25,  alumina  22*12,  lime  0*56,  potash  5*92,  soda  6 
volatile  0*93z=  99*07.  The  portion  dissolved  out  by  nitric  t 
contained:  Silica  1*43,  alumina  2*43,  peroxide  of  iron  2*40, 
oxide  of  manganese  1*31,  lime  0*60,  i)Otash  0*40,  soda  0*98=9 
In  the  joints  of  this  rock  occui*s  a  white-bladed  mineral,  whic 
the  Dawsonite. 

The  following  are  its  characters.  Hardness  3 ;  G=:2*' 
luster  vitreous  ;  transparent  to  translucent.  The  blades  are  so 
what  fibrous  in  structure,  and  the  crystallization  is  proba 
monoclinic,  with  the  inclination  of  the  vertical  axis  about  *; 
It  shows  bands  of  colors  in  polarized  light.  B.  B.  becoi 
opaque  and  often  exfoliates  or  swells  into  cauliflower-like  for 
In  the  closed  tube  vields  water  and  carbonic  acid.  Dissol 
completely  in  cold  dilute  hydrochloric  or  nitric  acid.  1 
analyses,  made  at  difterent  times,  the  last  from  portions  of  sev< 
specimens,  afford  Mr.  Hamngton — 

§i  C  »1         Ag        Ca         ^a         IS:  ft 

0*40       29*88      32*84        tr.        5*95      20*20      0*38      11*91  =  101 
30*72      32*68      0*46      6*66  20*17  [10*32]=:10( 
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Mr.  Harrington  inclines  to  the  conclusion  that  the  mineral  is  a 
hydrous  carbonate  of  alumina,  lime  and  soda ;  and  that  it  is 
related  therefore  to  hovite,  which  the  Messrs.  Gladstone  made  a 
cttrbonate  of  alumina  and  lime.  Its  crystalline  character  and  its 
uniformity  in  optical  and  chemical  characters  show  that  it  is  not  a 
mechanical  mixture. 

l:J.  TcMesfor  the  Determination  of  Minerals^  by  their  Physical 
propertieSy  ascertainable  by  the  aid  of  such  simple  instruments  as 
every  student  in  the  field  should  have  with  him.  Translated  from 
the  German  of  Weisbach.  Enlarged,  and  furnished  with  chemi- 
cal formulas,  a  column  of  specific  gravities  and  one  of  the  charac- 
teristic Blowpipe  reactions;  by  Persifor  Frazeb,  Jr.,  A.M., 
Assist.  GeoL  in  the  Second  Geol.  Survey  of  Pennsylvania,  etc. 
118  pp.  8vo.  Philadelphia,  1876.  (J.  B.  tippincott  &  Co.) — All 
helps  to  the  determination  of  minerals  will  be  welcomed  by  the 
student  in  the  science,  and  Weisbach^s  tables  are  among  the  best 
of  those  based  chiefly  on  the  physical  characters.  We  notice  that 
the  species  of  minerals  that  are  peculiarly  American  are  mostly 
omitted,  and  many  of  the  recently  described  foreign  species ;  the 
addition  of  these  will  give  increased  value  to  another  edition  of 
the  work-     The  volume  is  very  clearly  printed,  on  good  paper. 

14.  Notes  on  the  Tree-Ferns  of  British  Sikkim,  with  JJescrijy- 
iions  of  three  New  Species^  and  a  few  Supplemental  Itetitarks  on 
their  Jieiatiojts  to  Palms  atid  Cycads  ;  by  John  Scott,  Curator  of 
the  Royal  Botanical  Gardens,  Calcutta.  This  paper,  recently  pub- 
lished in  the  thirtieth  volume  of  the  Transactions  of  the  /Aiifiean 
Society y  was  read  in  Feb.,  1870.  It  is  illustrated  by  18  plates, 
eleven  of  which  relate  to  the  structure  of  the  stem,  etc.,  a  sub- 
ject which  is  here  treated  with  freshness  and  ability,  as  well  as 
tersely,  and  to  which  interest  is  added  by  some  ingenious  specula- 
tions as  to  history  and  origin.  In  the  concluding  summary,  con- 
sidering the  relationship  of  Ferns,  "  as  founded  on  the  structure 
of  the  stem,"  the  author  remarks:  "First,  then,  they  agree  with 
Palms  in  their  mode  of  growth  and  in  the  manner  in  which  the 
leaves  are  arranged.  I  fail  to  see  why  the  growth  of  the*  one 
Ahoald  be  termed  endogenous,  and  the  other  acrogenous.  If  the 
peculiarity  of  endogeneity  is  the  downward  growth  of  a  series  of 
vascular  bundles  from  the  leaves  in  a  curvilinear  mode,  from  the  in- 
terior to  the  periphery,  not  a  few  of  the  troe-fenis  have  very  simi- 
lar characteristics.  In  both,  diametrically  and  longitudinally, 
growth  is  strictly  apical ;  in  both  the  stems  are  limited  in  their 
diametrical  growth,  and  from  the  first  traces  of  their  formation 
the  axial  and  peripheral  developments  are  simultaneous;  and  as 
soon  as  the  normal  thickness  has  been  attained,  all  further  peri- 
pheral increase  ceases,  and  the  axis  grows  upward  in  a  cylindrical 
form.  In  Palms  the  growing  point  is  conical,  and  in  tree-ferns 
terminally  flattened ;  so  that  in  the  one  case  the  nascent  vascular 
bundles  are  almost  horizontally  arranged  at  the  apex,  in  the  other 
they  are  from  the  beginning  vertical ;  but  in  both  all  cellular  in- 
crease of  the  body  of  the  axis  has  ceased  ere  the  fronds  have 
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attained  their  full  development.  Another  point  in  which  they 
agree  is  in  the  development  of  a  system  of  free  vascular  bundles, 
which,  originating  in  the  apex  of  the  stem,  grow  upward  into 
the  fronds  and  downward  into  the  axis.  In  other  respects  they 
present  many  important  points  of  difference,  as  in  the  free  anasto- 
moses of  the  fibro-vascular  bundles,  and  the  formation  of  a  woody 
circle  surrounding  the  central  cellular  axis,  which,  however,  is 
partially  represented  in  certain  Palms  (vide  plate  xii),  as  Euterpe 
oleraceay  by  a  dense  zone  of  vascular  bundles,  which  very  dis- 
tinctly separates  the  central,  in  which  the  cellular  tissue  predomi- 
nates, from  the  peripherical  and  essentially  vascular.  The  tissues 
of  this  median  zone  are  developed,  I  believe,  exclusively  from  be- 
low upward,  the  growing  points  surrounding  the  apex  of  the  stem 
and  passing  outward  into  the  fronds.  Dense  though  this  zone  is, 
the  bundles  do  not,  in  any  case  that  I  have  observed,  inosculate 
with  each  other.  Another  important  difference  is  presented  in 
the  passage  of  these  bundles  to  the  fronds.  In  Ferns,  small  rami- 
fications of  the  bundles  only  pass  into  any  given  frond,  while  in 
Palms  the  entire  bundle  enters  the  frond.  I  need  scarcely  remark 
that  there  are  also  important  differences  in  the  minute  structure  of 
the  woody  bundles  of  Ferns  and  Palms,  the  former  being  much 
more  simple,  though  apparently  similarly  limited  in  their  period 
of  growth.  In  thus  noting  the  structural  affinities  and  differences 
of  the  stems  of  tree-ferns  and  palms,  I  by  no  means  ascribe  to 
them  an  equal  grade  of  organization ;  tree-ferns  are  decidedly 
inferior  in  rank.  They  have,  however,  sufficient  in  common  to 
justify  the  opinion  of  their  being  differently  diverged  and  pro- 
gressed forms  of  a  common  ancestor,  which  must  have  been  of 
great  antiquity,  considering  that  both  apparently  presented  much 
the  same  characteristics  in  the  Carboniferous  epoch  as  they  do 
now."     (p.  28-29.) 

The  analogies  between  the  monocotyledonous  stem  and  that  of 
Xympficea  is  next  referred  to,  and  also  of  Cacti  with  Cycas. 
More  practical  is  the  author's  correction  of  the  current  statement 
that  Cycas  has  a  circinate  vernation,  whereas  C  drcinalis  and  all 
the  rest  have  a  perfectly  straight  vernation,  with  only  the  leaflets 
involute.  a.  g. 

15.  Flora  Braailieusia, — Fasciculus  68,  issued  in  April  last, 
contains  the  Polygalece^  by  A.  W.  Bennett  of  London,  82  pages  of 
letter  press  and  30  plates,  a  liberal  allowance.  Poly  gala  is 
largely  represented  in  the  Brazilian  empire,  viz :  by  86  species ; 
Moimina  by  11,  and  Securidaca  by  18  species.  Krameria  is  in- 
cluded in  the  order,  and  has  six  species.  It  was  this  latter  genus, 
and  not  Polygalacem  in  the  restricted  sense,  that  the  present  writer 
thought  nearer  Leguminosce  Ccesalpineoe  than  to  anything  else 
in  general  floral  structure,  and  he  was  disposed  to  regard  the  con- 
trary position  of  the  odd  sepal  and  petal,  and  the  simple  carpel,  as 
more  important  than  they  seem  to  subsequent  authors ;  also,  the 
floral  structure  of  Polyf/ahoe  most  resembles  Sapindacece,  But, 
in  fact  the  order  is  very  peculiar. 
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FascicoloB  64,  of  the  same  work,  issued  in  May,  comprises  the 
concluding  half  of  J.  Muller's  elaboration  of  the  Brazilian  Eth 
pharhiacecp.  This  and  fasc.  61  together  comprise  voL  xi,  pars  ii, 
a  Yery  substantial  volume  indeed,  filled  by  this  one  order ;  752 
pages  of  letter  press,  104  plates — a  great  undertaking,  well  and 
nappily  brought  to  a  conclusion  by  the  excellent  botanist  to  whom 
this  task  was  assigned.  a.  g. 

16.  Journal  of  the  lAnnean  Society^  No.  77,  issued  in  October, 
contains  ten  papers,  by  Mr.  Moseley  and  several  others,  collected 
under  the  general  head  of  Contributions  to  the  Botany  of  the 
Expedition  of  H,  M.  8,  Challenger.  They  relate  mainly  to  Ma- 
rine Alfffe  and  the  maritime  plants,  and  to  AlgsB  from  hot  springs 
in  the  Azores.  The  value  of  the  observations  upon  the  vegeta- 
tion of  thermal  waters  is  much  diminished  by  the  total  lack  of  all 
record  of  the  precise  temperature  of  the  waters  in  question. 

A.G. 

17.  TVansactiona  and  Proceedings  of  the  Botanical  Society. 
Edinburgh.  Vol.  xi,  part  iii,  1873. — This  part  completes  the 
eleventh  volume  of  the  series.  It  contains  the  President's  (Pro£ 
Wyville  Thompson's)  Address,  delivered  in  November,  1872,  a 
notable  production,  which  was  printed  in  some  of  the  journals  at 
the  time,  and  excited  much  attention,  being  a  lucid  exposition  of 
fermentation  and  putrefraction,  and  of  the  Mould-Fungi  that  pro- 
duce and  govern  these  decompositions.  Biographical  notices  of 
the  late  Hugo  von  Mohl  and  of  Andres  (Erstedt  are  appended. 
Pro£  William  R.  M'Nab  contributes  an  elaborate  paper  on  the 
organization  of  JSquisetum  and  Calamites.  Mr.  Wilson's  interest- 
ing paper  here  appears,  in  which  he  disproves  the  popular  and 
long-current  notion  that  Darnel  grain  is  poisonous  or  even  inju- 
rious. His  paper  was  noticed  in  this  Journal ;  but  it  may  not  be 
amiss  to  recapitulate,  in  the  author's  own  words,  that,  after  feeding 
upon  the  seeds  himself  freely,  he  concludes  that,  in  his  own  case 
*^  darnel  is  not  justly  called  temttlentum  y"  its  seeds  and  husks  are 
not  "  infelix,"  are  not  "  acrid,"  are  not  "  unwholesome,"  are  not 
"  injurious,"  do  not  cause  "  delirium,"  do  not  produce  "  stupefao- 
tion,"  and  are  not  *'•  poisonous"  nor  productive  of  "fatal"  results. 
Dr.  Robert  Brown  (may  he  prove  himself  worthy  of  the  name  I) 
gives  some  notes  upon  Dichogamy  and  other  allied  subjects,  in- 
stancing Clerodendron  ThompsonuB  as  an  admirable  example  of 
"  protandrous  dichogamy ;"  the  first  time,  so  far  as  we  know,  in 
which  this  has  been  spoken  of  in  Great  Britain,  although  here 
long  familiar.  Other  Olerodendrons  show  it,  but  none  so  beauti- 
fully. W.  Ramsay  Wright  gives  a  digest  of  Dr.  Eichler's  well- 
known  essay,  entitled :  "  Are  the  Conifewe  gymnospermous  or 
not?"     These  are  only  the  more  scientifically  interesting  articles. 

A.  G. 

18.  Florida  Plants, — Dr.  Edward  Palmer  made  last  year  a 
collection  of  dried  specimens  of  the  plants  of  East  Florida  and  the 
Keys.  Four  or  five  sets  of  these,  named,  are  on  sale,  and  may  be 
ordered  of  S.  Watson,  Harvard  University  Herbarium,  CambT\d^<^. 
These  sets  range  from  260  to  630  species,  and  cost  %B  ihe  Yi\Kiidx«du. 
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Dr.  Palmer  is  dow  on  his  wa^  to  an  exploration  of  the  Islands  of 
the  southern  part  of  California.  a«  g. 

19.  ITie  American  Naturcdist  closes  its  8th  volume  with  the 
December  number  just  issued,  and  appeals  for  the  moderately 
larger  support  needful  to  make  this,  our  only  natural  history 
magazine,  self-sustaining.  We  well  understand  what  that  means. 
When  the  paid-up  subscription  rises  so  as  to  cover  the  actual  outlay 
in  the  proauction,  the  public  should  still  take  to  heart  the  fact  that 
all  the  scientific  talent  and  effort,  and  the  editorial  labor,  will  still 
be  unpaid  for.  The  editors  in  this  case  are  entitled  to  great  credit 
for  the  zeal,  perseverance  and  sacrifice  with  which  they  have  kept 
this  magazine,  not  only  alive,  but  every  year  more  worthy  of  life ; 
let  us  add  that  they  are  also  entitled  to  a  more  generous  patron- 
age. There  are  many  more  than  the  five  hundred  new  subscribers 
for  whom  they  now  call,  to  whom  the  Naturalist  would  be  of 
great  use  and  interest.  a.  g. 

20.  Botanical  Necrology, — On  turning  over  the  pages  of  the 
Botaniscfie  Zeitung  for  the  year  1874  (i-eceived  down  to  the  end 
of  November),  we  find  no  record  of  the  death  of  any  botanist,  ex- 
cept that  of  Pritzel. 

George  Aug.  Prftzel,  of  Berlin,  was  bom  in  1816,  and  died 
on  the  14th  of  June  last.  His  only  botanical  publication  was  a 
revision  of  the  genus  Anemone^  contributed  to  the  Linniea  in  1 842. 
The  valuable  services  which  he  rendered  to  the  science,  and  which 
should  preserve  his  memory,  were  by  the  faithful  preparation  of  the 
indispensable  T/iesaunis  Literature  Bot<r niece  in  1851 ;  of  the  Ico- 
num  Botanfcarum  Index  locnpletissimus  in  1855,  with  a  re-issue 
and  supplement  in  1866,  and  by  the  new  edition  of  the  IViesanrus 
in  4to,  of  which  four  parts,  carrying  the  alphabetical  portion  of 
the  work  down  to  the  word  Toume/orf,  were  issued  in  1872.  A 
severe  illness,  from  which  the  author  appears  never  to  have  recov- 
ered, interrupted  the  publication.  This  work  and  the  Iconum  In- 
dex are  models  of  editorial  and  typographical  excellence. 

Kev.  Richard  Thomas  Lowk,  a  much  respected  English  botan- 
ist, bom  in  1802,  who  passed  most  of  his  life  since  1828  in  Madeira, 
and  diligently  investigated  its  botany,  was  lost  at  sea  in  April  last, 
by  the  foundering  of  the  Steamer  Liberia,  in  which  he  was  a  pas- 
senger on  his  way  to  Madeira.  His  principal  publications  were 
the  Primitioe  Faunm  et  Florm  Maderce,  which  appeared  in  the 
Cambridge  Philosophical  Transactions  in  1 830,  with  a  supplement 
(Nbvitice,  &c.)  in  1838  ;  and  a  Manual  Flora  of  Madeira^  begun 
in  1857,  continued  into  the  second  volume  in  1872,  and  left  unfin- 
ished. 

Mrs.  Hookkr. — With  inexpressible  sorrow  we  record  the  death 
of  this  excellent  and  accomplished  lady,  the  wife  of  Dr.  Hooker, 
Director  of  the  Royal  Gardens  at  Kew,  and  the  President  of  the 
Royal  Society,  and  the  daughter  of  the  late  Professor  Henslow. 
This  sad  event  occurred  on  the  13th  of  November,  of  heart-dis- 
ease. Of  the  great  practical  services  rendered  to  science  by  most 
efiicient  aid  to  her  husband  we  may  not  speak  ;  but  her  name  has 
of  late  become  well  known  in  Botany,  through  her  able  translation 
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of  Le  Maout  and  Decaisne's  Traiti  de  Botanique^  for  the  English 
edition  edited  by  Dr.  Hooker. 

John  Tbaheknb  Magobidgb  (as  the  English  journals  at  this 
moment  inform  us)  died  at  Mentone,  on  the  24th  of  November,  at 
the  age  of  32  years.  His  contributions  to  the  Flora  of  Mentone, 
with  its  exquisite  illustrations  by  his  facile  pencil,  and  not  less 
admirable  letter-press,  his  work  on  Harvesting  Ants  and  Trap- 
door Spiders  (published  by  Reeve  &  Co.,  London),  and  many 
short  articles  or  notes  in  Nature  and  other  journals,  have  made 
this  charming  youne  man's  talents  and  keen  powers  of  observa- 
tion most  favorably  known  to  the  scientific  world.  He  has  been 
for  years  an  invalid,  and  took  up  his  residence  in  the  Riviera  for 
the  sake  of  a  better  winter  climate  than  his  native  England.  Here 
his  scientific  investigations  have  mainly  been  prosecuted, — were 
perhaps  undertaken  for  the  sake  of  occupation  and  interest  during 
the  slow  progress  of  fatal  pulmonary  disease.  a.  o. 

21.  Traiti  de  Botanique  conformi  a  ViUU  prisent  de  la  Science^ 
par  J.  Sachs;  traduit  de  I'AUemand  sur  la  3®  Edition  et  annot6 
par  Ph.  Van  Tieghem.  Paris,  1874.  Lehrbuch  der  Botanik,  4** 
Anflage,  Leipzig,  1874. — The  third  edition  of  Professor  Sachs's 
treatise  was  noticed  in  this  Journal,  May,  1873. 

Professor  Van  Tieghem's  translation  and  the  new  German  edition 
are  both  revisions  and  demand  a  further  notice. 

The  French  revision  is  an  accurate  translation  and  displays 
great  editorial  skill  The  entire  treatise  has  been  divided  into 
topical  paragraphs,  to  each  of  which  a  telling  title  has  been  given. 
In  not  a  few  instances,  the  heading  embodies  the  substance  of  the 
section,  and  greatly  increases  the  value  of  the  book  as  a  work  of 
reference.  This  may  be  illustrated  by  a  single  chapter, — On  the 
relation  between  the  morphological  nature  of  organs  and  their 
adaptation  to  the  conditions  of  plant  life.  This  chapter  in  the 
German  edition  occupies  seven  closely  printed  pages  and  has  no 
division  into  subordinate  sections,  but  in  the  translation  the  follow- 
ing headings  are  given : 
Metamorphosis,  adaptation  and  utility  express  one  and  the  same 

fact,  and  are  synonymous  terms. 
The  same  members  of  a  plant  can  adapt  itself  to  the  most  varied 
functions,  and  the  same  function   can  be  performed  by  most 
widely  different  members. 
Organic  arrangements  useful  to  the  plant  are  reached  by  most 
varied  adaptations. 

Ejeamples, — 1.  Vertical  growth  of  the  stem.  Its  utility.  Differ- 
ent ways  in  which  it  is  secured.  By  (a)  Ascending  stems,  (b) 
Twining  stems,  (c)  Climbing  with  tendrils,  different  adaptations 
of  tendrilB.    (d)  Stems  climbing  without  tendrils. 

2.  Subterranean  growth.  Its  utility.  Different  ways  in  which  it 
is  brought  about. 

3.  Dissemination  of  seeds.  The  methods  by  which  it  is  secured. 
There  are  gradual  transitions  in  adaptations. 

The  editorial  notes  communicated  by  Professor  YatiT\e^eni, 
'v^iike  depturtments  of  microscopic  anatomy  and  morpVioVo^^^^T^ 
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numeroos  and  important.  Considerable  prominence  is  giy^i  to 
his  well  known  view  that  the  elements  of  a  fibro-yascnlar  handle 
are  differently  arranged  in  the  root,  stem  and  lea£ 

The  new  German  edition  gives  evidence  of  thorough  revision. 
Numerous  slight  changes  in  phraseology,  greatly  for  the  better, 
have  been  made  throughout  the  book,  and  several  chapters  have 
been  added.  The  most  important  of  them  are  the  following: 
Supplementary  growth  in  thickness;  alternation  of  generation; 
periodical  movements  of  developing  organs. 

A  change  in  arrangement  which  will  provoke  much  adverse 
criticism  is  the  new  classification  of  the  Cryptogamic  plants.  This 
re-arrangement  is  based  partly  on  morphological  and  partly  on 
physiological  grounds,  and  brings  into  strange  fellowship  plants 
which  have  heretofore  been  placed  in  quite  different  orders,  as  the 
following  synopsis  will  show : 

First  Group.    THALLOPHTTES. 

Class  L     Protophytes. 
Forms   containing  chlorophyll — A.   CyanophycesB. — B.   Palmel- 

lacesB. 
Forms  devoid  of  chlorophyll — A.  Schizomycetes. — B.  Fermenta- 
tion-fungL 

Class  IT.      Ztgosporeji. 
Forms  containing  chlorophyll — A.  Volvocine®. — B.   Conjugat® 

and  Diatoms. 
Forms  devoid  of  chlorophyll. — A.  Myxomycetes. — B.  Zygomycetes, 

Class  III.     Oospores. 
A.  Sphaeroplea). — B.  Coeloplastae.     Vaucheria,  &c.     Saprolegnia, 
Peronospora. — C.  QEdogoniae. — D.  Fucaceae. 

Class  IV.      Carpospore^. 
Forms  containing  chlorophyll — A.  Coleochffitae. — B.  Floridese.— 

C.   CharacesB. 
Forms  devoid  of  chlorophyll  (or  true  FungL) — A  Ascomycetes. — 

B.  iEcidiomycetes  (Uredinea?.) — C.  Basidiomycetes. 

An  examination  of  the  foregoing  synopsis  will  plainly  show  that 
Professor  Sachs  is  largely  influenced  by  the  theory  of  descent.  It 
is  worth  while  to  compare  his  views  with  those  of  Professor  Fis- 
cher, as  communicated  by  Dr.  Brefeld  (Lehrb.,  p.  248-9).  After 
presenting  a  sketch  of  Fischer's  new  classification,  Professor  Sachs 
says:  "Professor  Fischer  regards  Fungi  and  Alga?  as  two  com- 
pletely separated  series  developing  in  parallel  lines,  while  I  assume 
that  in  each  class  Fungi  have  diverged  as  branches  from  the  differ- 
ent types  of  Algae. 

In  conclusion,  the  hope  must  be  expressed  that  the  forthcoming 
English  translation  of  this  admiriable  work  will  be  as  worthy  of 
honest  praise  as  the  French  edition.  c;.  l.  g. 

22.  Notice  of  some  Fresh-  Water  and  Terrestrial  JRhizopods, — 

Prof.  Leidy  stated  that  among  the  ainceboid  forms  noticed  by  hini 

n  the  vicinity  of  Philadelphia,  there  was  one  especially  rcinarkal>le 

or  the  comparatively  enormous  quantity  of  quartzose  sand  which  it 
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sallowed  with  its  food.  The  animal  might  be  viewed  as  a  bag 
'  sand !  It  is  a  sluggish  creature,  and  when  at  rest  appears  as 
I  opaque  white,  spherical  ball,  ranging  from  j-  to  -|  of  a  line  in 
ameter.  The  animal  moves  slowly,  first  assuming  an  oval  and 
len  a  clavate  form.  In  the  oval  form  one  measured  •(  of  a  line 
ng  by  f  of  a  line  broad,  and  when  it  became  clavate  it  was  }  of 
line  long  by  ^  of  a  line  broad  at  the  advanced  thick  end.  An- 
her,  in  the  clavate  form,  measured  }  of  a  line  long  by  ^  of  a  line 
ide  at  the  thick  end.  The  creature  rolls  or  extends  in  advance, 
hile  it  contracts  behind.  Unless  under  pressure  it  puts  forth  no 
;eudopods,  and  the  granular  entosarc  usually  follows  closely  on 
e  limits  of  the  extending  ectosarc.  Generally  the  animal  drags 
ter  it  a  quantity  of  adherent  dirt  attached  to  a  papillated  or 
llous  discoid  projection  of  the  body. 

The  contents  of  the  animal,  besides  the  eranular  matter  and 
any  globules  of  the  entosarc,  consists  of  diatoms,  desmids,  and 
•nferv8B,  together  with  a  larger  proportion  of  angular  particles  of 
ansparent  and  mostly  colorless  quartz.  Treated  with  strong 
ineral  acids  so  as  to  destroy  all  the  soft  parts,  the  animal  leaves 
?hind  more  than  half  its  bulk  of  quartzose  sand. 
The  species  may  be  named  Amceba  sabulosa,  and  is  probably 
member  of  the  genus  Pdomyxa^  of  Dr.  Greef  (Archiv  f.  Mik. 
nat.,  X,  1878,  51). 

The  animal  was  first  found  on  the  muddy  bottom  of  a  pond,  on 
r.  George  Smith's  place  in  Upper  Darby,  Delaware  County,  but 
IS  been  found  also  m  ponds  in  New  Jersey. 
When  the  animal  was  first  noticed  with  its  multitude  of  sand 
irticles,  it  suggested  the  probability  that  it  might  pertain  to  a 
age  of  life  of  l)ifflugia^  and  that  by  the  fixation  of  the  quartz 
irticles  in  the  exterior,  the  case  of  the  latter  would  be  formed, 
his  is  conjectural  and  not  confirmed  by  any  observation. 
A  minute  amoeboid  animal  found  on  Spirogyra  in  a  ditch  at 
coper's  Point,  opposite  Philadelphia,  is  of  interesting  character. 
he  body  is  hemispherical,  yellowish,  and  consists  of  a  granular 
atosarc  with  a  number  of  scattered  and  well-defined  globules, 
esides  a  large  contractile  vesicle.  From  the  body  there  extends 
broad  zone,  which  is  colorless  and  so  exceedingly  delicate  that 
.  requires  a  power  of  600  diameters  to  see  it  favorably.  By  this 
one  the  animal  glides  over  the  surface.  As  delicate  as  it  is,  it 
vidently  possesses  a  regular  structure,  though  it  was  not  resolved 
nder  the  best  powera  of  the  microscope.  The  structure  probably 
onsists  of  globular  granules  of  uniform  size  alternating  with  one 
Dother,  so  that  the  disk  at  times  appears  crossed  by  delicate  lines, 
nd  at  others  as  if  finely  and  regularly  punctated.  The  body  of 
be  animal  measures  from  -^  to  ^  of  a  line  in  diameter,  and  the 
one  is  from  -^^  to  ^^^^  of  a  line  wide.     The  species  may  be  named 

^H(BBA  ZONAUS. 

The  interesting  researches  of  Prof  Richard  Greef,  of  Marburg, 
ubliRhed  in  the  second  volume  of  Scholtze's  Archiv  f.  Mikro- 
opische  Anatomie,  on  AmcebaB  living  in  the  earth  ( Ueber   einige 
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in  der  Erde  lebende  Amoeben^  etc,\  led  me  to  look  iu  similar  pon- 
tions  for  Rhizopods. 

In  the  earth,  about  tlie  roots  of  mosses  growing  iu  the  crevices 
of  the  bricks  of  our  city  pavements,  in  damp  places,  besides  finding 
several  species  of  Anuxba^  together  with  abundance  of  the  couinion 
wheel-animalcule.  Rotifer  vulgaris^  I  had  the  good  fortune  to  dis- 
cover a  species  of  Qromia.  I  say  good  fortune,  for  it  is  with  the 
utmost  pleasure  I  have  watched  this  curious  creature  for  hours 
together.  The  genus  was  discovered  and  well  described  by  Dujar- 
din,  from  two  species,  one  of  which,  Q.  oviformiSy  was  found  in 
the  seas  of  France ;  the  other,  the  G.  fluvicUUia^  in  the  River 
Seine. 

Imagine  an  animal,  like  one  of  our  autumnal  spiders,  stationed 
at  the  center  of  its  well-spread  net ;  imagine  every  thread  of  this 
net  to  be  a  living  extension  of  the  animal,  elongating,  branching, 
and  becoming  confluent  so  as  to  form  a  most  intncate  net ;  and 
imagine  every  thread  to  exhibit  actively  moving  currents  of  a  vis- 
cid liquid  both  outward  and  inward,  carrying  along  particles  of 
food  and  dirt,  and  you  have  some  idea  of  tne  general  character  of 
a  Gromia. 

The  Qromia  of  our  pavements  is  a  spherical  cream-colored  body, 
about  the  tV^^  ^^  ^  ^^^^  ^"  diameter.  When  detached  from  its 
position  and  placed  in  water,  in  a  few  minutes  it  projects  in  all 
directions  a  most  wonderful  and  intricate  net.  Along  the  threads 
of  this  net  float  minute  Naviculae  from  the  neighborhood,  like  boats 
in  the  current  of  a  stream,  until  reaching  the  central  mass  they 
are  there  swallowed.  Particles  of  dirt  are  also  collected  from  all 
directions  and  are  accumulated  around  the  animal,  and  when  the 
accumulation  is  sufficient  to  protect  it,  the  web  is  withdrawn  and 
nothing  apparently  will  again  induce  the  animal  to  produce  it. 

From  these  observations  we  may  suppose  thet  the  Gromu 
TBRRicoLA,  as  I  propose  to  name  the  species,  during  dry  weather 
remains  quiescent  and  concealed  among  accumulated  dirt  in  the 
crevices  of  our  pavements,  but  that  in  rains  or  wet  weather  the 
little  creature  puts  forth  its  living  net,  which  becomes  so  many 
avenues  along  which  food  is  conveyed  to  the  body.  As  the  neigh- 
borhood becomes  dry,  the  net  is  withdrawn  to  await  another  rain. 
The  animal  with  its  extended  net  cjin  cover  an  area  of  nearly  half 
a  line  in  diameter.  The  threads  of  the  net  are  less  than  the  a^iiro^^ 
of  an  inch  in  diameter. — Proc,  Acad.  Nat,  Set.  PhiL^  18V4,  p.  88. 

23.  Nature  of  the  Sea-bottom, — Prof.  Q,  Wyville  Thomson 
has  presented  to  the  Royal  Society  a  paper  entitled  Preliminary 
Notes  on  the  nature  of  the  Sea-bottom  procured  by  the  soundings 
of  H.  M.  S.  Challenger  during  her  cruise  in  the  Southern  Sea  in 
the  early  part  of  the  year  1874,  which  are  published  in  "  Nature"  for 
December  and  January.     The  following  are  extracts  from  it. 

a.  Green-sand.  \n  the  region  of  the  Agulhas  Bank,  off  the 
south  extremity  of  Africa,  from  98  and  150  fathoms,  a  greenish  sand 
was  brought  up  which  was  found  to  consist  of  easts  of  foramini- 
fers  in  a  glauconite-like  material.     The  genera  included  Miliola, 
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Ksalina,  Uvigerina,  Planorbalina,  Rotalia,  Textularia,  Bulimiiia 
Nummalina,  and,  of  mach  less  abundance,  Globigerina,  Orbu- 
,  and  Pulvinulina. 

.  Globigerina,  gray  and  red  ooze.  From  Cape  Agulhas  to  lat. 
16',  the  greatest  depth  was  1,900  fathoms ;  and  the  bottom  was 
bigerina  ooze,  it  consisting  mostly  of  the  shells  of  Globigerina, 
-e  or  less  broken,  with  a  few  of  iSilyinalina  and  Orbolina. 
*he  limit  of  the  pm^  Globigerina  ooze  is  near  2,260  fathoms, 
sing  to  greater  depths,  the  material  of  the  bottom  is  first  a 
*ay  ooze,'^  and  then  generally  for  all  depths  below  2,600  or 
K)  fathoms  it  is  the  "  red  ooze "  or  clay,  which  consists  of  a 
»te  of  alumina  and  red  oxide  of  iron.  The  transition  is 
dual,  the  shells  first  losing  their  sharpness  of  outline  and  be- 
ling  mixed  with  more  or  less  of  red-brown  amorphous  powder, 
eh  is  so  fine  as  to  take  days  to  settle.  In  the  section  between 
lerifie  and  St.  Thomas,  at  the  first  four  casts,  the  Globigerina 
e  was  obtained  at  depths  from  1,626  to  2,220  fathoms ;  then  at 
spth  of  2,740  fathoms,  600  miles  from  TenerifEe,  and  of  2,960 
loms,  760  miles  off,  the  ooze  is  gray  but  is  largely  the  red  clay 
;ed  with  some  of  the  calcareous;  and  at  3,160  fathoms,  1,160 
es  from  Teneriffe,  the  bottom  was  a  pure  and  smooth  clay  with 
rcely  a  trace  of  lime.  From  this  great  depth  the  bottom  rises, 
the  gray  color  and  calcareous  nature  of  the  ooze  returns, 
ndingsin  2,060, 1900  and  1960  fathoms  on  the  "  Dolphin  Rise  " 
iging  up  the  Globigerina  ooze.  But  passing  from  the  middle 
^an  of  the  Atlantic  into  the  western  trough,  where  the  depth 
little  oyer  3,000  fathoms,  the  red  clay  returned  in  all  its  punty. 
*rofl  Thomson  states  that  Mr.  Murray,  after  a  careful  study  of 
the  facts,  has  come  to  the  conclusion,  presented  years  ago  by 
fessor  Bailey,  that  the  Rhizopods  are  not  liying  in  the  deep 
m,  but  belong  to  the  superficial  waters.  Facts  proye  that 
Y  are  yery  abundant  in  these  upper  waters,  that  the  shells  haye 
srfection  in  the  liying  state  that  is  not  found  in  the  deep  water 
simens.  With  regard  to  the  red  ooze,  which  is  almost  desti- 
i  of  life,  the  opinion  is  put  forth  that  beyond  a  certain  depth 
shells  of  the  Globigerinse  and  other  Rhizopods  are  dissolved, 
I  that  the  alumina  and  iron  which  experiment  has  proyed  they 
tain  are  the  source  of  the  broad  and  barren  regions  of  clay. 

4.  Index  to  Volumes  I  to  XIII  of  Observations  on  the  Genus 
io^  together  with  descriptions  of  new  species  of  the  Family 
ionidse,  and  descriptions  of  new  species  of  the  Melanidee,  Palu- 
BB  and  Helicidse,  etc. ;  by  Isaac  Lea,  LL  D.  VoL  III. — This  is 
ipplementary  Index  to  the  previous  Indexes  published  in  1867 
i  1869,  giving  what  was  omitted  in  the  others,  references  to 
tomical  and  structural  details,  habits,  etc. 

5.  Reliquim  AquUanicop^  being  Contributions  to  the  Archse- 
jy  and  Palaeontology  of  P6rigord  and  the  adjoining  Provinces 
Southern  France,  by  E.  Lartet  and  H.  Christy,  edited  by 
31IAS  RuPBET  Jones,  F.R.S.,  «fec. — Part  xv  of  this  valuable 
rk,  for  September,  1874,  contains  pages  205-224,  173  to  182, 
I  Plate  A  XLU. 
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III.   Astronomy. 

1.  The  Transit  of  Venus^  December  8th. — Telegrams  announce 
saccessfal  observations  of  the  Transit  at  Yokohama,  Nagasald, 
Vladivostock,  Teheran,  Cairo,  Suez  and  Thebes,  at  points  in  India, 
China,  Adelaide  and  Melbourne,  and  less  perfect  at  Hobart  Town. 
One  hundred  photographs  are  reported  Irom  India,  and  thirteen 
from  that  at  Vladivostock.  Failures  are  reported  at  Shanghai, 
and  at  the  Russian  stations  of  Omsk,  Orenburg,  Kasan,  Uralsk, 
Astrachan,  Kertch,  and  Tiflis.  Twenty  other  Kussian  stations, 
Kergueleii's  Land,  the  Sandwich  Islands,  Mauritius,  and  many 
other  points,  are  yet  to  be  heard  from.  The  probabilities  are  that 
greater  success  has  been  attained,  on  the  whole,  than  could  reason- 
ably have  been  expected,  and  that  the  successes  have,  in  the  main, 
been  at  the  more  important  stations  for  determining  the  parallax. 

IV.    Miscellaneous  Scientific  Intelligence. 

1.  McjilorcUion  in  South  America, — Pro£  Alexander  Agassis 
left  the  country  near  the  close  of  November,  on  a  trip  to  South 
America,  especially  to  Chili  and  Bolivia.  At  Lake  xiticaca  he 
expects  to  dredge,  besides  making  temperature  observations.  Mr. 
Garman,  of  the  Museum  of  Comparative  Zoology,  accompanied 
him,  and  will  go  directly  to  Lake  Titicaca  to  collect.  Mr.  Agassiz's 
health  has  been  poor,  8ince  the  great  afflictions  which  befel  him  in 
the  death  of  his  father  and,  almost  immediately  after,  that  of  his 
gifted  wife.  It  is  now  poraewliat  improved,  ana  it  is  believed  that 
the  journey  will  make  the  restoration  complete. 

2.  Obserratory  at  Cordoba^  Argentine  Republic, — Dr.  B.  A 
GoL'LD,  the  astronomer,  after  a  brief  visit  to  his  home  and  friends 
at  Boston,  has  left  again  for  Cordoba,  to  resume  his  great  work 
there  with  regard  to  the  southern  constellations,  which  is  now  far 
advanced  towar<l  completion. 

.^.  Cantons  of  the  Colore f do, — Major  J.  W.  Powell,  the  ex- 
plorer o1*  the  Canons  of  the  Colorado,  has  a  valuable  article  on 
the  Colorado  Basin  and  its  Canons  in  the  January  number  of 
Scribner's  Monthly.  With  the  usual  liberality  of  this  excellent 
Monthly,  the  article  is  illustrated  by  many  fine  engravings,  from 
the  pliot(»2:ra])hs  taken  by  the  artist  of  Powell's  expedition. 

4.  Statistical  Ulas  of  the  United  States;  by  Francis  A. 
Walkkk  Antliorized  by  the  Act  of  Congress  of  March  3,  1873. 
— The  i^roat  variety  of  valuable  material  locked  up  in  a  Census 
K  port  cjin  be  brought  out  for  use  only  through  laborious  and 
cr  tical  study  on  the  part  of  one  who  understands  fully  the  philo- 
so|)hicnl  Icarinic  of  the  facts.  Such  a  study  has  been  made  oi  the 
returns  of  the  recent  United  States  Census  by  Mr.  Walker.  His 
Statist icjil  .Vtlas,  Parts  II.  and  III.  of  which  have  recently  been 
publisi)'  <1,  presents  to  the  eye  the  chief  results  arrived  at,  and  at- 
tests, in  "\ei  y  part,  to  the  learning,  judgment,  and  thoroughness 
of  tile  .niiiior.  By  means  of  maps  and  diagrams  the  great  facts 
in  jM)iiti(  ;{i  and  social  science  are  made  readily  and  impressively 
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igible  in  all  their  relations.  Part  IL  embraces  the  depart- 
of  Social  and  Industrial  Statistics.  The  charts  show,  by 
B,  the  growth  of  the  United  States  in  population  from  1790, 
I  the  first  census  was  taken,  through  eignt  decades  to  1870; 
the  center  of  population  for  the  different  periods ;  the  con- 
?nts  of  the  population  of  each  State  at  the  present  time ;  the 
ibution,  absolute  and  relative,  of  the  colored  population ;  of 
?ners  and  persons  of  foreign  birth ;  as  to  illiteracy ;  also  the 
ibution  of  wealth  over  the  country ;  of  public  inaebtedness ; 
xation;  of  the  most  important  crops;  the  relative  amount  of 
;h  and  school  accommodation ;  and  so  on.  Part  III.  covers 
Tttal  Statistics,  and  contains  eighteen  charts  illustrating  the 
ibution  of  population  by  age  and  sex ;  of  native  and  foreign 
lation ;  prevalence  of  various  diseases  for  the  two  sexes,  in 
"ent  parts  of  the  country  and  for  the  successive  seasons  of  the 
;  relative  birth  rate ;  remtive  death  rate  for  different  diseases ; 
ive  number  of  blind,  deaf,  insane  and  idiotic  persons,  with  the 
Df  increase  or  decrease  for  the  decade  from  1860  to  1870,  and 
r  other  topics.  The  charts  with  reference  to  the  blind  and 
y  were  prepared  by  F.  H.  Wines. 

rt  I,  devoted  to  the  Physical  jFhatures  of  the  Uftited  States^ 
w  in  the  press. 

Cave  Hunting :  Researches  07i  the  evidence  of  Caves  reject- 
the  early  inhabitants  of  JBurope ;  by  W.  Boyd  Dawkins, 
,  F.R.S.,  F.G.S.,  Curator  of  the  Museum  and  Lecturer  in  Geol- 
n  the  Owens  College,  Manchester.  456  pp.  8vo.  Illustrated 
colored  plate  and  many  woodcuts.  London,  1874.  (Mac- 
n  &  Co.) — The  author  of  this  new  volume  on  British  and 
pean  Caves  is  one  of  the  most  prominent  of  British  geologists, 
>ne  who  has  made  a  special  study  of  the  caves  and  the  cave 
als.  The  first  and  second  chapters  treat  chiefly  of  the  history 
ve  exploration,  and  the  physical  history  of  caves.  Next 
ys  chapters  on  the  historic  caves  of  Britain  and  their  relics ; 
\  used  in  the  ages  of  Iron  and  Bronze ;  caves  of  the  neo- 
age ;  Range  of  seolithic  dolicho-cephalic  and  bnichy-ce- 
c  men;  Pleistocene  caves  of  Germany  and  Great  Britain; 
nee  from  the  cave  inhabitants  as  to  the  Atlantic  and  Mediter- 
m  coast  line  in  the  Pleistocene,  illustrated  by  a  map  ;  the 
pean  climate  in  the  Pleistocene ;  and  on  the  instruments  and 
ods  of  cave-hunting.  Prof.  Dawkins  recognizes  the  exist- 
of  two  Glacial  eras  in  Great  Britain  :  the  older,  or  that  rom- 
y  so  calle<l,  one  of  greater  elevation  than  now,  was  followed 
1  era  of  subsidence  ;  and  this  by  another  era  of  elevation  and 
ers,  but  of  less  extent  of  ice  than  in  the  first  glacial  era.  The 
rations  are  numerous  and  excellent,  and  the  work,  while  exact 
borough  in  its  science,  is  popular  iti  style  and  full  of  interest 
1  classes  of  readers. 

lort  of  the  Gommissioner  of  Agriculture  for  1873 ;  496  pp.  Svo.    Washing- 

874. 

mt  oiiange  of  level  on  the  Coast  of  Maine ;  by  N.  S.  Shalbii.    20  pp.  4^. 
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OBTTUASY, 

Francis  Wa^lkbh. — ^An  exception  to  the  precedent  of  speaking 
well  of  the  dead  is  offered  by  the  Entomologist's  Monthly  Maga- 
zine in  its  obituary  notice  of  the  late  Francis  Walker  as  an  ento- 
mologist. And  we  who  have  written  of  Mr.  Walker's  work,  after 
having  examined  his  material  in  the  British  Museum  Collection, 
can  only  endorse  what  is  actually  a  repetition,  in  other  words,  of 
our  statements  in  the  Transactions  of  the  American  Entomological 
Society  for  July,  1868.  With  regard  to  the  responsibility  for  the 
indifferent  work  in  the  British  Museum  lists,  this  lies,  as  the  writer 
in  the  Entomologist's  Monthly  Magazine  says,  and  as  we  had  pre- 
viously pointed  out,  with  the  authorities  in  the  British  Museam 
who  authorized  the  publication  of  these  lists.  As  their  pref* 
ace  gives  their  authority,  their  publication  is  due  to  Mr.  John 
Edward  Gray,  to  whom  science  is  so  widely  indebted  that  this 
error  in  judgment  on  his  part  must  be  condoned.  For  our  part, 
from  first  to  last,  so  far  as  our  special  branch  is  concerned,  we 
have  steadily  opposed  any  total  rejection  of  Mr.  Walker's  woria 
as  affording  a  baa  precedent,  and  this  contrary  to  the  opinions  of 
those  yet  eminent  entomologists  in  whom  we  have  learned  to  have 
confidence.  At  this  moment,  when  a  kind  and  amiable  man  has  left 
us,  we  renew  our  appeal  made  in  1868,  that  Mr.  Walker's  material 
in  the  British  Museum  Collection  be  worked  over  by  a  competent 
hand.  In  this  work  reference  should  be  had  to  the  specimens  and 
the  descriptions,  and  every  tenable  name  should  be  fixed,  all 
doubtful  names,  founded  on  irrecognizable  specimens,  should  be 
withdrawn,  and  in  this  way  Mr.  Walker's  reputation  would  be  saved 
from  further  obloquy,  the  ends  of  science  furthered  and  the  authori- 
ties of  the  British  Museum  atone  amply  for  their  mistake.  Private 
collectors,  who  have  Mr.  Walker's  types,  would  heartily  join, 
doubtless,  in  a  work  which  would  be  to  their  advantage,  and  a  mis- 
erable scandal  would  be  done  away  with  forever.  This,  and  bo 
desirable  a  consummation,  remains  to  be  gained  by  the  proper 
authorities  of  the  institution  which  allowed  the  fault  to  be  com- 
mitted. What  greater  work  have  they  in  prospect  that  this  duty 
shall  be  set  aside  ?  We  close  this  paper  with  a  kindly  remem- 
brance of  the  dead,  and  with  the  words  we  first  used  on  the  occar 
sion  of  appearing  as  Mr.  Walker's  critic,  "  trusting  that  nothing 
we  have  ever  said  can  be  taken  as  reflecting  personally  upon  a 
gentleman,  whose  courtesy  and  the  extent  of  whose  literary  labors 
invite  every  consideration."  a.  b.  obotb. 

Edwin  Lankbstbr. — Dr.  Lankester,  well  known  for  his  zoolog- 
ical publications,  died  October  30th,  at  the  age  of  sixty.  He  wstf 
elected  a  fellow  of  the  Royal  Society  in  1846.  For  eighteen  years 
he  has  edited,  in  conjunction  with  Mr.  Busk,  the  Quarterly  Journal 
of  Microscopic  Science. 

Dr.  Thomas  Andebsont,  late  Professor  of  (chemistry  in  the  Uni- 
versity of  Glasgow,  died  at  Chiswick  on  the  2d  ot  November. 
He  was  born  in  1819. 

Sib  William  Jabdine,  the  zoologist,  and  especially  distin- 
guished for  his  labors  in  Ornithology,  died  at  Sandown,  in  the 
Isle  of  Wight,  on  the  21st  of  November,  aged  74. 
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r.  X. — Jeffries  Wyman.  Address  of  Professor  A.  Gray  at 
le  Memorial  Meeting  of  the  Boston  Society  of  Natural  His- 
>ry,  Oct  7, 1874* 

V'hen  we  think  of  the  associate  and  friend  whose  death  this 
ety  now  deplores,  and  remember  how  modest  and  retiring 
jvas,  how  averse  to  laudation  and  reticent  of  words,  we  feel 
ecoming  to  speak  of  him,  now  that  he  is  gone,  with  much 
,he  reserve  which  would  be  imposed  upon  us  if  he  were  liv- 
Yet  his  own  perfect  truthfulness  and  nice  sense  of  jus- 
,  and  the  benefit  to  be  derived  from  the  contemplation  of 
[i  a  character  by  way  of  example,  may  be  our  warrant  for 
tooable  freedom  in  the  expression  of  our  judgments  and  our 
drnents,  taking  care  to  avoid  all  exaggeration. 
Lppropriate  and  sincere  eulogies  and  expressions  of  loss, 
b  official  and  personal,  have,  however,  already  been  pro- 
nced  or  published;  and  among  them  one  from  the  gover 
3  of  that  institution  to  which,  together  with  our  own  society, 
)t  of  Professor  Wyman's  official  life  and  services  were  de- 
ad,— which  appears  to  me  to  delineate  in  the  fewest  words 
truest  outlines  of  his  character.  In  it  the  President  and 
lows  of  Harvard  University  "recall  with  affectionate  respect 
admiration  the  sagacity,  pa'tience  and  rectitude  which  char- 
jrized  all  his  scientific  work,  his  clearness,  accuracv  and  con- 
ness  as  a  writer  and  teacher,  and  the  industry  ana  zeal  with 
ch  he  labored  upon  the  two  admirable  collections  which 
ain  as  monuments  of  his  rare  knowledge,  method  and  skill. 
;y  commend  to  the  young  men  of  the  university  this  signal 

*  From  the  "Prooeedings"  of  the  Society. 
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example  of  a  character  modest,  tranauil,  dignified  and  inde- 
pendent, and  of  a  life  simple,  contented  and  honored." 

What  more  can  be  or  need  be  said  ?  It  is  left  for  me,  in 
compliance  with  your  invitation,  Mr.  President,  to  say  some- 
thing of  what  he  was  to  us,  and  has  done  for  us,  and  to  put 
upon  record,  for  the  use  of  those  who  come  after  us,  some  ac- 
count of  his  uneventful  life,  some  notice,  however  imperfect,  of 
his  work  and  his  writings.  I  could  not  do  this  without  the 
help  of  friends  who  knew  him  well  in  early  life,  and  of  some 
of  you  who  are  much  more  conversant  than  I  am  with  most  of 
his  researchea  Such  aid,  }>romptly  rendered,  has  been  thank- 
fully accepted  and  freely  used. 

Our  associate's  fether.  Dr.  Rufus  Wyman, — ^bom  in  Wobum, 
graduated  at  Harvard  College  in  1799,  and  in  the  latter  part  of 
his  life  physician  to  the  McLean  Asylum  for  the  Insane, — was 
a  man  of  marked  ability  and  ingenuity.  Called  to  the  charge 
of  this  earliest  institution  of  the  kind  in  New  England  at  its 
beginning,  he  organized  the  plan  of  treatment  and  devised  the 
excellent  mechanical  arrangements  which  have  since  been  de- 
veloped, and  introduced  into  other  establishments  of  the  kind. 
His  mother  was  Ann  Morill,  daughter  of  James  MoriU,  a  Bos- 
ton merchant.  This  name  is  continued,  and  is  familiar  to  us, 
in  that  of  our  associate's  elder  brother. 

Jeffkies  Wyman,  the  third  son,  derived  his  baptismal  name 
from  the  distinguished  Dr.  John  Jeffries,  of  Boston,  tinder 
whom  his  father  studied  medicine.  He  was  born  on  the  11th 
of  August,  1814,  at  Chelmsford,  a  township  of  a  few  hundred 
inhabitants  in  Middlesex  County,  Mass.,  not  far  from  the  pres- 
ent city  of  LowelL  As  his  father  took  up  his  residence  at  the 
McLean  Asylum  in  1818,  when  Jeffries  was  only  four  years  old, 
he  received  the  rudiments  of  his  education  at  Charlestown,  in 
a  private  school;  but  afterward  went  to  the  Academy  at 
Chelmsford,  and,  in  1826,  to  Phillips  Exeter  Academy,  where, 
under  the  instruction  of  Dr.  Abbot,  he  was  prepared  for  collie. 
He  entered  Harvard  College  in  1829,  the  year  in  which  Josiah 
Quincy  took  the  presidency,  and  was  graduated  in  1888,  in  a 
class  of  fifty -six,  six  of  whom  became  professors  in  the  univer- 
sity. He  was  not  remarkable  for  general  scholarship,  but  was 
fond  of  chemistry,  and  his  preference  for  anatomical  studies 
was  already  developed.  Some  of  his  class-mates  remember  the 
interest  which  was  excited  among  them  by  a  skeleton  which  he 
made  of  a  mammoth  bull-frog  from  Fresh  Pond,  probably  one 
which  is  still  preserved  in  his  museum  of  comparative  anatomy. 
His  skill  and  taste  in  drawing,  which  he  turned  to  such  excel- 
lent account  in  his  investigations  and  in  the  lecture  room,  as 
well  as  his  habit  of  close  observation  of  natural  objects  met 
with  in  his  strolls,  were  manifested  even  in  boyhood. 
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An  attack  of  pneumonia  during  his  Senior  year  in  college 
caused  much  anxiety,  and  perhaps  laid  the  foundation  of  the 
pulmonary  affection  which  buraened  and  finally  shortened  his 
life.  To  recover  from  the  effects  of  the  attacK,  and  to  guard 
against  its  return^  he  made,  in  the  winter  of  18S8--34,  the  first  of 
those  pilgrimages  to  the  coast  of  the  Southern  States,  which  in 
later  years  were  so  often  repeated.  Returning  with  strength 
renewed  in  the  course  of  the  following  spring,  he  began  the 
study  of  medicine  under  Dr.  John  C.  Dalton,  who  had  suc- 
ceeded to  his  father^s  practice  at  Chelmsford,  but  who  soon 
removed  to  the  adjacent  and  thriving  town  of  LowelL  Here, 
and  with  his  father  at  the  McLean  Asylum,  and  at  the  Medical 
Collie  in  Boston,  he  passed  two  years  of  profitable  study. 
At  the  commencement  of  the  third  year  he  was  elected  house- 
student  in  the  Medical  Department,  at  the  Massachusetts  Gen- 
eral Hospital, — then  under  the  charge  of  Doctors  James  Jack- 
son, John  Ware  and  Walter  Channing, — a  responsible  position, 
not  only  most  advantageous  for  the  study  of  aisease,  but  well 
adapted  to  sharpen  a  young  man^s  power  of  observation. 

In  1887,  after  receiving  the  degree  of  Doctor  of  Medicine,  he 
cast  about  among  the  larger  country  towns  for  a  field  in  which 
to  practice  his  profession.  Fortunately  for  science,  he  found  no 
opening  to  his  mind ;  so  he  took  an  office  in  Boston,  on  Wash- 
ington street  and  accepted  the  honorable,  but  far  from  lucrative 
post  of  Demonstrator  of  Anatomy  under  Dr.  John  C.  Warren, 
the  Hersey  Professor.  His  means  were  very  slender,  and 
his  life  abstemious  to  the  verge  of  privation  ;  for  he  was  unwil- 
ling to  burden  his  father,  who,  indeed,  had  done  all  he  could 
in  providing  for  the  education  of  two  sons.  It  may  be  inter- 
esting to  know  that,  to  eke  out  his  subsistence,  he  became  at 
this  time  a  member  of  the  Boston  Fire  Department,  under  an 
appointment  of  Samuel  A.  Eliot,  Mayor,  aated  Sept.  1,  1888. 
He  was  assigned  to  Enj^ine  No.  18.  The  rule  was  that  the 
first-comer  to  the  engine  house  should  bear  the  lantern,  and  be 
absolved  from  other  work.  Wyman  lived  near  by,  and  his 
promptitude  generally  saved  him  from  all  severer  labor  than 
that  of  enlightening  his  company. 

The  turning  point  in  his  life,  l  e.,  an  opportunity  which  he 
could  seiie  of  aevoting  it  to  science,  came  when  Mr.  John  A. 
Lowell  offered  him  the  curatorship  of  the  Lowell  Institute,  just 
brought  into  operation,  and  a  course  of  lectures  in  it  He  de- 
livered his  course  of  twelve  lectures  upon  Comparative  Anat- 
omy and  Physiology  in  the  winter  of  1840-41 ;  and  with  the 
money  earned  by  this  first  essay  in  instructing  others,  he  went 
to  Europe  to  seek  further  instruction  for  himself.  He  reached 
Paris  in  May,  1841  and  pave  his  time  at  once  to  Human  Anat- 
omy at  the  School  of  Medicine,  and   Comparative  Anatomy 
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and  Natural  History  at  the  Garden  of  Plants,  attending  the 
lectures  of  Flourens,  Majendie  and  Louget  on  Physiology,  and 
of  de  Blainville,  Isidore  St  Hilaire,  Valenciennes,  Dumeril 
and  Milne-Edwards  on  Zoology  and  Comparative  Anatomy. 
In  the  summer,  when  the  lectures  were  over,  he  made  a  pedes- 
trian journey  along  the  banks  of  the  Loire,  and  another  iilong 
the  Rhine,  returning  through  Belgium,  and  by  steamer  to  Lon- 
don. There,  while  engaged  in  the  study  of  the  Hunterian  col- 
lections at  the  Royal  College  of  Surgeons,  he  received  informa- 
tion of  the  alarming  illness  of  his  father ;  he  immediately 
turned  his  face  homeward,  but  on  reaching  Halifax  he  learnea 
that  his  father  was  no  more. 

He  resumed  his  residence  in  Boston,  and  devoted  himself 
mainly  to  scientific  work,  under  circumstances  of  no  small  dis- 
couragement But  in  1843  the  means  of  a  modest  professional 
livelihood  came  to  him  in  the  offer  of  the  chair  of  Anatomy 
and  Physiology  in  the  medical  department  of  Hampden-Sidney 
College,  established  at  Richmond,  Virginia  One  advantjige  of 
this  position  was  that  it  did  not  interrupt  his  residence  in  Bos- 
ton, except  for  the  winter  and  spring ;  and  during  these  months 
the  milder  climate  of  Richmond  was  even  then  desirabla  He 
discharged  the  duties  of  the  chair  most  acceptably  for  five  ses- 
sions, until,  in  1847,  he  was  appointed  to  succeed  Dr.  Warren 
as  Hersey  Professor  of  Anatomy  in  Harvard  College,  the  Park- 
man  professorship  in  the  Medical  School  in  Boston  being  filled 
by  the  present  incumbent,  Dr.  Holmes.  Thus  commenced 
Prof  Wyman's  most  useful  and  honorable  connection  as  a 
teacher  with  the  university,  of  which  the  President  and  Fel- 
lows  speak  in  the  terms  I  have  already  recited.  He  began  his 
work  in  Holden  Chapel,  the  upper  floor  being  the  lecture-room, 
the  lower  containing  the  dissecting-room  and  the  anatomical 
museum  of  the  college,  with  which  he  combined  his  own  col- 
lections and  preparations,  which  from  that  time  forward  in- 
creased rapidly  in  number  and  value  under  his  industrious  and 
skillful  hands.  At  length  Boylston  Hall  was  built  for  the  ana- 
tomical and  the  chemical  departments,  and  the  museum,  lec- 
ture and  working- rooms  were  asUiblished  commodiously  in  their 
present  quarters ;  and  Prof  Wyman's  department  assumed  the 
rank  and  the  importance  which  it  deserved.  Both  human  and 
comparative  anatomy  were  taught  to  special  pupils,  some  of 
whom  have  proved  themselves  worthy  of  their  honored  master, 
while  the  annual  courses  of  lectures  and  lessons  on  Anatomy, 
Physiology,  and  for  a  time  the  principles  of  Zoology,  imparted 
highly  valued  instruction  to  undergraduates  and  others. 

In  the  formation  and  perfecting  of  his  museum — the  first  of 
the  kind  in  the  country,  arranged  upon  a  plan  both  physiologi- 
cal and  morphological — no  pains  and   labors  were  spared,  and 
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long  and  arduous  journeys  and  voyages  were  made  to  contrib- 
ute to  its  riches.  In  the  summer  of  1849, — having  replenished 
his  frugal  means  with  the  proceeds  of  a  second  course  of  lec- 
tures before  the  Lowell  Institute  (viz.,  upon  Comparative  Phys- 
iology, a  good  condensed  short-hand  report  of  which  was  pub- 
lished at  the  time), — he  accompanied  Capt  Atwood  of  Prov- 
incetown,  in  a  small  sloop,  upon  a  fishing  voyage  high  up  the 
coast  of  Labrador ;  in  the  winter  of  1852,  gomg  to  Floriaa  for 
his  health,  he  began  his  fruitful  series  of  explorations  and  col- 
lections in  that  interesting  district  In  1854,  accompanied  by 
his  wife,  he  traveled  extensively  in  Europe,  and  visited  all  the 
museums  within  his  reach.  In  the  spring  of  1856,  with  his 
pupils,  GrecD  and  Bancmft,  as  companions  and  assistants,  he 
sailed  to  Surinam,  penetrated  far  into  the  interior  in  canoes, 
made  important  researches  upon  the  ground,  and  enriched  his 
museum  with  some  of  its  most  interesting  collectiona  These 
came  near  being  too  dearly  bought,  as  he  and  his  companions 
took  the  fever  of  the  country,  from  which  he  suffered  severely, 
and  recovered  slowly.  Again,  in  1858-9,  accepting  the 
thoughtful  and  generous  invitation  of  Capt  J.  M.  Forbes,  he 
made  a  voyage  to  the  La  Plata,  ascended  tlie  Uraguay  and  the 
Parana  in  a  small  iron  steamer  which  Capt  Forbes  brought 
upon  the  deck  of  his  vessel ;  then,  with  his  friend  George 
Augustus  Peabody  as  a  companion,  he  crossed  the  pampas  to 
Mendoza,  and  the  Cordilleras  to  Santiago  and  Valparaiso, 
whence  he  came  home  by  way  of  the  Peruvian  coast  and  the 
Isthmus. 

By  such  expeditions  many  of  the  choice  materials  of  his 
museum  and  of  his  researches  were  gathered,  at  his  own  ex- 
pense, to  be  carefully  prepared  and  elaborated  by  his  own  un- 
aided hands.  A  vast  neighboring  museum  is  a  splendid  exam- 
ple of  what  munificence,  called  forth  by  personal  enthusiasm, 
may  accomplish.  In  Dr.  Wyman's  we  have  an  example  of 
what  one  man  may  do  unaided,  with  feeble  health  and  leebler 
means,  by  persistent  and  well-directed  industry,  without  eclSt,^ 
and  almost  without  observation.  While  we  duly  honor  those 
who  of  their  abundance  cast  their  gifts  into  the  treasury  of  sci- 
ence, let  us  not — ^now  that  he  cannot  be  pained  by  our  praise — 
forget  to  honor  one  who  in  isilence  and  penury  cast  m  more 
than  they  alL 

Of  penury  in  a  literal  sense  we  may  not  speak ;  for  although 
Prof.  Wyman*s  salary,  derived  from  the  Hersey  endowment, 
was  slender  indeed,  he  adapted  his  wants  to  his  means,  forego- 
ing neither  bis  independence  nor  his  scientific  work ;  and  I 
sappose  no  one  ever  heard  him  complain.  In  1856  came  unex- 
pected and  honorable  aid  from  two  old  friends  of  his  father 
who  appreciated  the  son,  and  wished  him  to  go  on  with  his  sci- 
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entific  work  without  distraction.  One  of  them,  the  late  Dr. 
William  J.  Walker,  sent  him  ten  thousand  dollars  oatright ; 
the  other,  the  late  Thomas  Lee,  who  had  helped  in  his  early 
education,  supplemented  the  endowment  of  the  Hersey  profes- 
sorship with  an  equal  sum,  stipulating  that  the  income  tnereof 
shoula  be  paid  to  Prof.  Wyman  during  life,  whether  he  held 
the  chair  or  not  Seldom,  if  ever,  has  a  moderate  sum  pro- 
duced a  greater  benefit 

Throughout  the  later  years  of  Prof.  Wyman's  life  a  new  mu- 
seum has  claimed  his  interest  and  care,  and  is  indebted  to  him 
for  much  of  its  value  and  promise.  In  1866,  when  failing 
strength  demanded  a  respite  from  oral  teaching,  and  required 
him  to  pass  most  of  the  season  for  it  in  a  milder  climate,  he 
was  named  by  the  late  George  Peabody  one  of  the  seven  trus- 
tees of  the  Museum  and  Professorship  of  American  Archaeol- 
ogy and  Ethnology,  which  this  philanthropist  proceeded  to 
found  in  Harvard  U  niversity ;  and  his  associates  called  upon 
him  to  take  charge  of  the  establishment  For  this  he  was 
peculiarly  fitted  by  all  his  previous  studies,  and  by  his  predilec- 
tion for  ethnological  inquiries.  These  had  alreaay  engaged  his 
attention,  and  to  this  class  of  subjects  he  was  thereafter  mainly 
devoted, — with  what  sagacity,  consummate  skill,  untiring  dili- 
gence and  success,  bis  seven  annual  Rejxjrts — the  last  published 
just  before  he  died, — his  elaborate  memoir  on  shell-heaps,  now 
printing,  and  especially  the  Archaeological  Museum  in  Boyls- 
ton  Hall,  abundantly  testify.  If  this  museum  be  a  worthy 
memorial  of  the  founder  s  liberality  and  foresight,  it  is  no  less 
a  monument  of  Wyman's  rare  ability  and  devotion.  When- 
ever the  enduring  building  which  is  to  receive  it  shall  be 
erected,  surely  the  name  of  its  first  curator  and  organizer  should 
be  inscribed,  along  with  that  of  the  founder,  over  its  portal. 

Of  Prof.  Wyman's  domestic  life,  let  it  here  suffice  to  record, 
that  in  Dec,  1860,  he  married  Adeliue  Wheelwright,  who  died 
in  June,  1855,  leaving  two  daughters ;  that  in  August,  1861, 
he  married  Anna  Williams  Whitney,  who  died  in  February, 
1864,  shortly  after  the  birth  of  an  only  and  a  surviving  son. 

Of  his  later  days,  of  the  slow,  yet  all  too  rapid  progr  ss  of 
fatal  pulmonary  disease,  it  is  needless  to  protract  the  story. 
Winter  after  winter,  as  he  exchanged  our  bleak  climate  for  that 
of  Florida,  we  could  only  hope  that  ho  might  return.  Sprinc^ 
after  spring  he  came  back  to  us  invigorated,  thanks  to  the  bland 
air  ana  the  open  life  in  boat  and  tent,  which  acted  like  achann; 
—  thanks,  too,  to  the  watchful  care  of  his  attiiched  friend,  Mr. 
Peabody,  his  constant  companion  in  Florida  life.  One  winter 
was  passed  in  Europe,  partl^^  in  reference  to  the  Archaeological 
Museum,  partly  in  hope  of  better  health ;  but  no  benefit  was 
received.     The  past  winter  in  Florida  produced  the  usual  ame- 
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ation,  and  the  amount  of  work  which  Dr.  Wyman  under- 
L  and  accomplished  last  summer  might  have  tasked  a  robust 
1.  There  were  important  accessions  to  the  archaeological 
ections,  upon  whicn  much  labor,  very  trying  to  ordinary 
ience,  had  to  be  expended.  And  in  the  last  interview  I  had 
b  him,  he  told  me  that  he  had  gone  through  his  own  mu- 
m  of  comparative  anatomy,  which  had  somewhat  suffered  in 
sequence  of  the  alterations  in  Boylston  Hall,  and  had  put 
whole  into  perfect  order.  It  was  late  in  August  when  he 
Cambridge  for  his  usual  visit  to  the  White  Mountain  region, 
which  he  avoided  the  autumnal  catarrh;  and  there,  at 
hlehero.  New  Hampshire,  on  the  4th  of  September,  a  severe 
lorrhage  from  the  lungs  suddenly  closed  his  valuable  life. 
iCt  us  turn  to  Bis  relations  with  this  society.  He  entered  it 
)ctober,  1837,  just  thirty-seven  years  ago,  and  shortly  after 
bad  taken  his  degree  of  Doctor  in  Medicine.  He  was  Be- 
iing  Secretary  from  1839  to  1841 ;  Curator  of  Ichthyology 

Herpetology  from  1841  to  1847,  of  Herpetology  from  1847 
L855,  of  Comparative  Anatomy  from  1855  to  1874.  While 
hese  later  years  his  duties  may  have  been  almost  nominal, 
hould  be  remembered  that  in  the  earlier  days  a  curator  not 
y  took  charge  of  his  portion  of  the  Museum,  but  in  a  great 
^-ee  created  it  Then  for  fourteen  years,  from  1856  to  1870, 
was  the  president  of  this  society,  as  assiduous  in  all  its 
ies  as  he  was  wise  in  council ;  and  he  resigned  the  chair 
ich  he  so  long  adorned  and  dignified  only  when  the  increas- 

delicacy  of  nis  health,  to  which  night-exposure  was  preju- 
ial,  made  it  unsafe  for  him  any  longer  to  undertake  its 
ies.  The  record  shows  that  he  has  made  here  one  hundred 
I  five  scientific  communications,*  several  of  them  very  im- 
tant  papers,  every  one  of  some  positive  value ;  for  you  all 
)w  that  Prof.  Wyman  never  spoke  or  wrote  except  to  a  direct 
■pose,  and  because  there  was  something  which  it  was  worth 
ue  to  communicata  He  bore  his  part  also  in  the  American 
ademy  of  Arts  and  Sciences,  of  which  he  was  a  Fellow 
m  the  year  1843,  and  for  many  years  a  Councillor.  To  it 
made  a  good  number  of  communications ;  among  them  one 
the  longest  and  ablest  of  his  memoirs. 
Phen  he  was  from  the  first  a  member  of  the  Faculty  of  the 
iseum  of  Comparative  Zoology,  where  his  services  and  his 
rice  were  highly  valued.  He  was  chosen  president  of  the 
nerican  Association  for  the  Advancement  of  Science  for  the 
kT  1857,  but  did  not  assume  the  duties  of  the  office. 
Jome  notice — brief  and  cursory  though  it  must  be — of  such 
tion  of  Dr.  Wyman's  scientific  work  as  is  recorded  in  his 
3lished  papers,  should  form  a  part  of  this  account  of  his  life 

The  Boyal  Society's  Catalogue  of  Scientific  Papers  enumerates  sixty-four  by 
L  Wyman  akme,  and  four  in  conjunction  with  o&ers. 
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His  earliest  publication,  so  far  as  we  know,  was  an  article  in  the 
Boston  Medical  and  Surgical  Journal,  in  1837,  signed  only  with 
the  initials  of  his  name.  It  is  upon  "  The  indistinctness  of 
images  formed  from  oblique  rays  of  light,"  and  the  cause  of  it 
The  handling  of  the  subject  is  as  characteristic  as  that  of  any 
later  paper.  In  January,  1841,  we  find  his  first  recorded  com- 
munication to  this  society,  "  On  the  Cranium  of  a  Seal."  The 
first  to  the  American  Academy  is  the  account  of  his  dissection 
of  the  electrical  organs  of  a  new  species  of  Torpedo,  in  J  843, 
part  of  a  paper  by  his  friend  Dr.  Storer,  published  in  the 
American  Journal  of  Science.  In  the  course  of  that  year, 
eleven  communications  were  made  to  our  society,  besides  the 
Annual  Address,  which  he  delivered  on  the  17th  of  May.  The 
most  important  of  these  was  the  memoir,  by  Dr.  Savafi:e  and 
himself,  on  the  Black  Orang  or  Chimpanzee  of  Africa,  IVoglo- 
dytes  ntfjevj  published  in  full  in  the  Journal  of  this  society,  the 
anatomical  part  by  Professor  Wyman.  Two  other  papers  of 
that  early  year,  on  the  Anatomy  of  two  Mollusca,  Tebennopfiorus 
Oarolmensis  and  Glandina  truncata,  published  in  the  fourth 
volume  of  the  society*s  Journal,  each  with  a  copper  plate,  are 
noteworthy,  as  showing  that  he  possessed  from  the  first  that 
happy  faculty  of  clear,  terse,  and  closely  relevant  exposition, 
and  that  skill  and  neatness  of  illustration  with  his  pencil, 
which  characterize  all  his  work,  both  of  research  and  instruc- 
tion. 

Another  paper  of  that  year,  *'  On  the  microscopic  structure  of 
the  teeth  of  the  Lepidostei^  and  their  analoories  with  those  of  the 
Lahyrinthodonts^^''  read  to  this  society  in  August,  and  published 
in  this  Journal  in  October,  1843,  was  important  and  timely. 
In  it  he  demonstrated  that  the  labyrinthine  structure  of  the 
teeth,  considered  at  the  time  to  be  peculiar  to  certain  sauroid 
reptiles,  equally  belonged  to  the  gar-fishes,  and  consequently 
that  many  fossil  teeth  which  had  been  referred  by  the  evidence 
of  this  character  alone  tD  a  group  of  reptiles  founded  upon  this 
peculiarity,  might  as  well  belong  to  ancient  sauroid  fishes. 

Although  not  of  any  importance  now  to  remember,  I  may 
here  mention  his  report  to  tnis  society  on  the  Hydrarvhos  Silli- 
mani  of  Koch,  a  factitious  Saurian  of  huge  length,  successfully 
exhibited  in  New  York  and  elsewhere  under  high  auspices,  and 
I  think  also  in  Germany,  but  which  Dr.  Wyman  exposed  at 
sight,  showing  that  it  was  made  up  of  an  indefinite  number 
of  various  cetacean  vertebrae,  belonging  to  many  individuals, 
which  (as  wjis  afterward  ascertained)  were  collected  from  several 
localities. 

But  the  memoir  bv  which  Professor  Wyman  assured  his 
position  among  the  higher  comparative  anatomists  was  that 
communicated  to  and  published  by  this  society  in  the  summer 
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• 

:7,  in  which  the  Gorilla  was  first  named  and  introduced  to 

ientific  world,  and  the  distinctive  structure  and  affinities 

animal  so  thoroughly  made  out  from  the  study  of  the 

on,    that  there  was,    as  the  ^reat   English   anatomist 

ked,  "  very  little  left  to  add,  and  nothing  to  correct."    In 

lemoir  the  **  Description  of  the  habits  of  Troghdytea  Go- 

is  by  Dr.  Thomas  S.  Savage,  to  whom,  along  with  Dr. 

»n,  •'  belongs  the  credit  of  the  discovery  ;"  the  osteology 

same  and  the  introductory  history  are  by  Dr.  Wyman. 

d,  nearly  all  since  made  known  of  the  Gorilla's  structure, 

f  the  aflanities  soundly  deduced  therefrom,  has  come  from 

isociate's  subsequent  papers,  founded  on  additional  crania 

ht  to  him  in  1849,  by  Dr.  George  A.  Perkins  of  Salem  ; 

learly  entire  male  skeleton  of  unusual  size,  received  in 

from  the  Rev.  William  Walker,  and  now  in  Wyman's 

im;   and  on  a  large  collection  of  skins  and  skeletons 

i  at  his  disposal  in  1859  by  Du  Chaillu,  along  with  a 

y  Gorilla  in  spirits,  which  he  dissected.     It  is  in  the  ac- 

of  this  dissection  that  Professor  Wyman  brings  out  the 

ds  fact  that  the  skull  of  the  young  Gorilla  and  Chimpanzee 

closer  resemblance  to  the  adult  than   to   the  infantile 

n  cranium. 

Professor  Wyman's  library,  bound  up  with  a  quarto  copy 
5  Memoir  by  Dr.  Savage  and  himself,  is  a  terse  but  com- 
history  of  this  subject,  in  his  neat  and  clear  hand-writing, 
rith  copies  of  the  letters  of  Dr.  Savage,  Professor  Owen, 
Valker,  and  M.  du  Chaillu. 

the  introductory  part  of  the  Memoir,  Professor  Wyman 
;  that  "  the  specific  name.  Gorilla^  has  been  adopted,  a  term 
by  Hanno  in  describing  the  wild  men  found  on  the  coast 
rica,  probably  one  of  the  species  of  the  Orang."  The  name 
xiyies  GoriUa  is  no  doubt  to  be  cited  as  of  Savage  and 
lan,  and  it  was  happily  chosen  by  Professor  Wyman,  afler 
Itation  with  his  fnend,  the  late  Df.  A.  A.  Gould,  for  the 
a  j ust  stated.  But  it  is  interesting  to  see,  in  the  correspond- 
before  me,  how  strenuously  each  of  the  joint  authors  de- 
l  to  the  other  the  honor  of  nomenclature.  Dr.  Savage 
first  to  last  insists,  in  repeated  and  emphatic  terms,  that 
jientific  name  shall  be  given  by  Dr.  Wyman  as  the  scien- 
lescriber,  and  that  he  could  not  himself  honestly  appro- 
;  it  Professor  Wyman,  in  his  MSS.  account,  after  men- 
ig  what  his  portion  of  the  Memoir  was,  and  that  **the 
nination  of  the  differential  characters  on  which  the  estab- 
ent  of  the  species  rests  was  prepared  by  me,"  briefly  and 
cteristically  adds:  "In  view  ot  this  last  fact.  Dr.  Savage 
;ht,  as  will  be  seen  in  letter,  that  the  species  should  stand 
'  name ;  but  this  I  declined." 
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This  Memoir  was  read  before  this  society  on  the  18th  of 
August,  1847,  and  was  published  before  the  close  of  the  year. 
But  it  had  not,  as  it  appears,  come  to  Professor  Owen's  kDowI- 
edge  when  the  latter  presented  to  the  London  Zoological  So- 
ciety, on  the  22d  of  February,  1848,  a  memoir  founded  on 
three  skulls  of  the  same  species,  just  received  from  Africa 
through  Captain  WagstaflF.  When  Professor  Owen  received 
the  earlier  Memoir,  he  wrote  to  compliment  Professor  Wyman 
upon  it,  substituted  in  a  supplementary  note  the  specific  name 
imposed  by  Savage  and  Wyman,  and  reprinted  in  an  aopendix 
the  osteological  characters  set  forth  by  the  latter.  "  It  aoes  not 
appear,  however  (adds  Dr.  Wyman),  either  in  the  Proceedings 
or  the  Transactions  of  the  (Zoological)  Society  at  what  time  our 
Memoir  was  published,  nor  that  we  had  anticipated  him  in  our 
description." 

It  is  safe  to  assert  that  in  this  and  the  subsidiary  papers  of 
Dr.  Wyman  may  be  found  the  substance  of  all  that  has  since 
been  brought  forward,  bearing  upon  the  osteological  resem- 
blances and  differences  between  men  and  apea  After  summing 
up  the  evidence,  he  concludes : — 

"The  organization  of  the  anthropoid  Quadrumana  justifies 
the  naturalist  in  placing  them  at  the  head  of  the  bnite  creation, 
and  placing  them  in  a  position  in  which  they,  of  all  the  animal 
series,  shall  be  nearest  to  man.  Any  anatomist,  however,  who 
will  take  the  trouble  to  compare  the  skeletons  of  the  Negro  and 
Orang,  cannot  fail  to  be  struck  at  sight  with  the  wide  gap  whicli 
separates  them.  The  difference  between  the  cranium,  the  pelvis, 
and  the  conformation  of  the  upper  extremities  in  the  Negro  and 
Caucasian,  sinks  into  comparative  insignificance  when  com- 
pared with  the  vast  difference  which  exists  between  the  con- 
formation of  the  same  parts  in  the  Negro  and  the  Orang.  Yet 
it  cannot  be  denied,  however  wide  the  separation,  that  the 
Negro  and  Orang  do  afford  the  points  where  man  and  the  brute, 
when  the  totality  of  their  organization  is  considered,  most  nearly 
approach  each  other." 

Selecting  now  for  further  comment  only  some  of  the  more 
noticeable  contributions  to  science,  we  should  not  pass  bv  his 
investigations  of  the  anatomy  of  the  Blind  Fish  oi  the  Mam- 
moth Cave.  The  series  began,  in  that  prolijQc  year,  1843,  with 
a  paper  published  in  this  Journal,  and  closed  with  an  article  in 
the  same  Journal  in  1854.  Although  Dr.  Tellkamph  had  pre- 
ceded him  in  ascertaining  the  existence  of  rudimentary  eyes 
and  the  special  development  of  the  fifth  pair  of  nerves,  yet  for 
whole  details  of  the  subject,  and  the  minute  anatomy,  we  are 
indebted  to  Professor  Wyman.  Many  of  the  details,  however, 
as  well  as  the  admirable  drawings  illustrating  them,  remained 
unpublished  until  1872,  when  he  placed  them  at  Mr.  Putnam's 
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sposalf  and  they  were  brought  out  in  his  elaborate  article  in 
B  "American  Naturalist"  Here  the  extraordinary  develop- 
3nt  of  tactile  sense,  taking  the  place  of  vision,  ana  perfectfy 
apting  the  animal  to  its  subterranean  life,  is  completely  de- 
Dnstrated. 

If  Professor  Wyman's  first  piece  of  anatomical  work  was  the 
eparation  of  a  skeleton  of  a  bull-frog,  in  his  undergraduate 
ys,  his  most  elaborate  memoir  is  that  on  the  anatomy  of  the 
rvous  system  of  the  same  animal  {Rana  pipien8\  published  in 
B  "Smithsonian  Contributions,"  in  1862  (51  pages,  royal  4to, 
th  2  Dlates). 

Anytning  like  an  analysis  of  this  capital  investigation  and 
position  would  much  overpass  our  limits.  For,  although  the 
ecial  task  he  assigns  to  nimself  is  the  description  of  the 
rvous  system  of  a  single  Batrachian,  chiefly  of  its  peripheral 
rtioD,  and  of  the  changes  undergone  during  metamorphosis, 

\&  led  on  to  the  consideration  of  several  abstruse  or  contro- 
rted  questions ;  such,  for  instance,  as  the  attempts  that  have 
en  made  to  homologize  the  nervous  system  of  Articulates 
th  that  of  Vertebrates,  upon  which  he  has  some  acute  criti- 
raa  ;  the  theories  that  have  been  propounded  respectitig  the 
notions  of  the  cerebellum  and  its  relation  to  locomotion, 
lich  he  tests  in  a  characteristic  way  by  a  direct  appeal  to 
its ;  the  supposition  of  Cuvier  that  the  special  enlargements 

the  spinal  cord  are  in  proportion  to  the  force  of  the  respec- 
re  limbs  supplied  therefrom  ;  which  he  controverts  decisively 
'  similar  appeal,  an  extract  from  which  I  beg  leave  to  append 

a  note.* 

So,  in  describing  the  structure  of  the  optic  nerves  in  the  frog, 

d  the  development  of  the  eye  and  optic  lobes,  he  proceeds  to 

[nark,  that — 

"  The  instances  of  Proteus  and  Amhlyopsis  naturally  suggest 

e  questions,  whether  one  and  the  same  part  may  not  combine 

actions  wholly  different  in  different  animals,  and  whether  the 

'  ^  If  bj  force  is  meant  the  muscular  energy  and  development  of  the  limbs,  this 
tement  does  not  appear  to  be  sustained  in  the  present  instance,  nor  in  many 
lar  instancee  brought  to  notice  bj  comparative  anatomy.  In  man  the  branchial 
aigement  is  always  larger  than  the  crural,  though  the  legs  are  so  much  more 
irerfunj  developed  than  the  arms,  and  the  same  is  true  of  the  greater  number  of 
mmals.  In  frogs  there  is  a  still  greater  disproportion  between  legs  and  arms, 
;  there  is  not  a  corresponding  difference  in  the  size  of  the  bulgings.  They  can- 
,  therefore,  be  said  to  be  in  proportion  to  the  muscular  force  only  of  the  limbs, 
;  correspond  far  more  nearly  to  the  acuteness  of  the  sense  of  touch,  which  in 
a  and  mammaLs  is  more  delicate  in  the  hands  and  arms  than  in  the  legs  and 
L  In  bats,  it  is  true  that  the  muscular  force  of  the  arms  is  greater  than  that  of 
legs,  and  that  the  branchial  far  surpasses  the  crural  enlargement ;  but,  at  the 
le  time,  the  sense  of  touch  in  the  membranes  of  the  wings  is  exalted  to  a  most 
raordinary  degree.  In  birds  the  posterior  bulging  is  almost  universally  the 
l^est,  though  this  condition  is  in  part  dependent  upon  the  presence  of  the  rhom- 
dal  sinus.  In  these  animals,  while  the  muscular  energy  of  ^e  wings  is  the 
St  developed,  the  sensibility  of  the  feet  is  the  more  acute." 
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same  may  not  hold  true  with  regard  to  the  cerebral  organs 
which  is  known  to  obtain  with  regard  to  the  skeleton,  the  teeth, 
the  tongue,  and  the  nose,  that  identical  or  homologous  parts  in 
diflFerent  animals  may  perform  functions  wholly  distinct  K 
the  doctrine  here  suggested  can  be  admitted  (and  if  this  were 
the  place,  facts  could  be  cited  in  support  of  it),  may  we  not  find 
in  it  an  explanation  of  many  inconsistences  which  now  exist 
between  the  results  of  comparative  anatomy  and  of  physiology?" 

Then,  in  his  chapter  on  the  philosophical  anatomy  ofthe 
cranial  neryes  and  skull,  after  showing  that  there  are  out  three 
pairs  of  cranio-spinal  nerves,  he  takes  up  the  controverted  Ques- 
tion as  to  the  number  of  vertebrae  which  compose  the  skuII, 
and  supports  the  opinion  that  they  also  are  only  three  in  a  char- 
acteristic manner.* 

Of  this  whole  memoir  it  is  thought  that,  notwithstanding  the 
great  advance  which  has  been  made  in  comparatiye  anatomy  dur- 
ing the  twenty-five  years  which  have  elapsed  since  it  was  pub- 
lisned,  its  importance  to  the  student  has  not  at  all  diminisned. 

Next  to  this  in  extent  and  value  may  be  ranked  Prof  Wy- 
man*s  paper  on  the  development  of  the  common  skate  of  our 
waters  {Raia  Baiis\  communicated  to  the  American  Academy 
in  ISftt  and  published  among  its  Memoirs.  It  ffives  an  ac- 
count of  the  peculiar  egg-case  ofthe  Selachians,  and  of  the  sev- 
eral stages  of  the  development  of  the  embryo  skate,  expressed 
in  the  concise  and  clear  language — as  little  technical  as  possi- 
ble— for  which  he  was  distinguished,  and  leading  up  to  not  a 
few  problems  in  comparative  anatomy,  morphology,  or  system- 
atic zoology, — problems  which  Professor  Wyman  never  evaded 
when  they  came  directly  in  his  way,  and  seldom  handled  with- 
out making  some  real  contribution  to  their  elucidation.  For 
instance,  in  describing  the  external  branchial  fringes  of  the 
young  skate,  he  notes  the  agreement  in  this  character  with  the 
featrachians ;  and  in  studying  the  seven  branchial  fissures  of 
the  embryo,  he  is  brought  into  contact  with  the  view  of  Hux- 
ley, that  the  formation  of  the  external  ear  is  by  involution  of 

*  "  The  conclusions  which  have  been  drawn  from  the  statements  made  aboTe 
are  as  follows :  that  in  frogs  the  vagus  comprises  the  glosso-pharyngeal  and  acces- 
sory nerves ;  that  the  trigeminus  comprises  the  facial,  the  abduoens,  and  in  the 
salamanders  the  patheticus  and  portions  of  the  motor  communis ;  thiit  other  evi- 
dence sustains  the  hypothesis,  that  the  whole  of  the  motor  communis  is  a  depend- 
ence of  the  trigeminus ;  if  to  these  we  add  the  hypoglossus  (which  in  frogs  is  ex- 
ceptionally a  spinal  nerve),  we  shall  have  three  pairs  of  cranial  nerves,  each  hav- 
ing all  the  characters  of  a  common  spinal  nerve,  namely,  motor  and  sensitive  roots 
and  a  ganglion ;  that  there  are  no  nerves  to  indicate  a  fourth  vertebra,  unless  the 
special  sense  nerves  are  considered ;  if  these  are  admitted  as  indications,  then  we 
must  presuppose  either  two  pairs  of  nerves  to  each  vertebra,  or  the  existence  of 
six  vertebrai,  which  is  a  larger  number  than  can  be  accounted  for  on  an  osteolog- 
ical  basis.  The  functions  and  mode  of  development  of  the  special  sense  nerves 
we  have  taken  as  affording  sufficient  grounds  for  considering  Uiem  as  of  a  pecu- 
liar order,  and  not  to  be  classed  with  common  spinal  nerves." 
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e  integoment.  After  confirming  the  contrary  observations  of 
sichert,  on  the  embryo  pig,  he  concludes  that  "  the  first  of 
e  seven  branchial  fissures  of  the  embryo  skate  is  converted 
to  the  spiracle,  which  is  the  homologue  of  the  Eustachian 
ibe  and  the  outer  ear-canal."  After  a  full  discussion  of  the 
>mology  of  the  upper  jaw  in  sharks  and  skates,  under  the 
^ht  afforded  by  his  investigation  of  the  embryo  skate,  he  sug- 
3sts  that  the  cartilage  which  extends  from  the  olfactory  fossae 
>ward  the  pectoral  nn  is  the  probable  homologue  of  a  maxil- 
ry  bone,  and  that  in  the  lobe  the  homologue  of  an  intermax- 
lary;  that  if  so,  the  skates  and  proteiform  reptiles  agree  in 
aving^the  nostrils  open  in  front  of  the  dental  arch  ;  that  while 
I  ail  Batrachians  the  nasal  groove  becomes  closed,  in  the  skate 
remains  permanently  open ;  and  finally  that  this  view,  if 
Dufirmed,  "will  add  another  feature  which  justifies  Owen, 
Lgassiz  and  others,  in  dissenting  irom  Cuvier  so  fiir  as  to  give 
le  Selachians  a  place  in  the  zoological  series  higher  than  that 
E  the  bony  fishes.  But  at  the  same  time,  it  will  give  corrobo- 
itive  proof  of  the  correctness  of  Cuvier's  view,  that  *  the  rudi- 
lents  of  the  maxillaries,  and  intermaxillaries,  ....  are  evi- 
ent  in  the  skeleton.' " 

[To  be  oontiiiued.] 


Ibt.  XL — On  some  Points  in  the  Oeology  of  the  Blue  Ridge  of 

Virginia;  by  Wm.  M.  Fontaine. 

[Concluded  from  page  22.] 

My  next  examination  was  made  in  the  vicinity  of  Lynch- 
mrg,  sixty  miles  southwest  of  this  point  There  the  tfames 
[liver,  and  the  canal  along  its  banks,  cut  the  strata  nearly  at 
nght  angles  to  their  strike,  thus  aflFording  unsurpassed  facilities 
ibr  the  study  of  the  country.  In  order  that  some  idea  may  be 
dad  of  tlie  nature  of  the  very  considerable  area  lying  between 
Charlottesville  and  Lynchburg,  I  give  here  a  section  made  by 
Prof.  Rogers,  across  the  valley,  about  twenty  miles  northeast 
)f  Lynchburg.  This  is  the  only  connected  examination,  so 
Ar  as  I  know,  that  has  ever  been  made  across  this  part  of  the 
valley,  which  includes  a  belt  sixty  miles  long  and  twenty 
i?ide.  Of  course,  many  variations  from  this  section  are  to  be 
ixpected,  in  such  an  extended  area.  Commencing  at  the  west- 
ern base  of  the  Blue  Kidge,  at  "Tye  Kiver  Gap,"  we  bave — 
f.  Sandstones  and  slates  (Silurian),  with  high  northwest  dip; 
sridth  three- quarters  of  a  mile,  extending  up  the  mountain.  IL 
A  broad  range  of  granitic  rocks ;  soft,  and  decomposing,  without 
stratification.  These  continue  three  miles  to  tne  summit  and 
one  mile  down  the  east  side.    They  contain  frequent  beda  o(  ^^v 
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dotic  granite,  and  a  beautiful  dark-gray  syenite.  The  latter  two 
are  hzxA  and  permanent.  In  this  space  occur  two  bands  of  slaty 
rocks,  one  on  the  west  side  of  the  summit,  and  the  other  on 
the  east  side.  That  on  the  west  side  is  one  mile  below  the 
top,  is  200  yards  wide  and  contains  gray  and  reddish  slates, 
with  associated  greenstone-slate,  sometimes  amygdaloidal.  Dip, 
moderate,  southeast.  The  other  band  is  half  a  mile  below  the 
summit  on  the  east  side.  It  presents  repeated  alternations  of 
red  and  gray  slates,  white  sandstones,  ana  conglomerates,  with 
a  high  dip,  to  the  southeast,  and  a  width  of  half  a  mile. 
Entire  distance  four  miles.  Down  the  east  slope  we  find  gray 
granitic  rocks,  with  some  bands  of  argillaceous  slate,  and 
toward  the  east  have  two  or  three  dykes  of  greenstone  (pinite 
porphyry  ?).  Extent  four  miles.  III.  From  the  last  point,  on 
the  junction  of  the  north  and  south  forks  of  Tye  River,  the 
country  up  to  two  miles  beyond  Lovin^ton  is  mainly  gneissic, 
with  frequent  beds  of  true  granite  near  Lovingston.  Dip,  high, 
southeast  Extent  fourteen  miles.  IV.  Greenish  cnloritic 
granite ;  gneiss  ;  and  bluish  mica  slate.  Dip,  vertical.  Inter- 
val occupied,  three  miles.  This  last  is  the  position  of  Butfalo 
Bidge.  V.  Findlav*s  Mountain,  one  mile  wide,  composed  of 
coarse  quartzite.  I)ip  vertical.  After  this  the  dip  changes  to 
northwest,  and  then  to  southeast,  which  it  retains  for  a  long 
distance  as  we  pass  east 

It  will  be  noticed  that  in  this  section  the  quartzites  compos- 
ing the  Ragged  Mountains  in  the  central  portions  of  the  valley 
are  not  found.  In  No.  Ill  the  granite  mentioned  forms  the 
most  western  ledges  of  the  eruptive  rocks  to  be  described  near 
Lynchburg.  The  chloritic  granite  is  the  representative,  most 
probably,  of  the  epidosites  of  the  northeast  If  so,  this  rock, 
which  is  prologine^  is  a  metamorphic  product  from  argillaceous 
slates.  In  the  Catoctin  Mountains,  to  the  northeast  of  Lynch- 
burg, various  useful  minerals  occur;  among  which,  copper  ores, 
galena  and  matrnetic  iron  may  be  mentioned.  These  may, 
however,  be  of  Triassic  a<re,  as  great  masses  of  Triassic  trap 
occur  in  them  near  these  deposits. 

Coming  now  to  the  vicinity  of  Lynchburg,  and  commencing 
with  the  examination  of  Buffalo  Ridge,  three  miles  southeast 
of  the  town,  we  lind  massive  mica  slates  and  schists  composing 
the  rid<?e  and  having  the  ibrm  of  a  closed  anticlinal.  No 
metamorpliic  core  is  present  Similar  rocks  occupy  the  whole 
distance  up  to  the  town.  Tliev  are  disposed  in  several  rather 
open  anticiinals.  Near  Mt.  Athos,  four  miles  down  the  riwr 
from  the  rid^e,  we  tind  m<Mgnesian  limestone  associated  with 
some  quartzites,  mica  and  talcose  slates,  containing  deposits 
of  magnetic  and  specular  iron.  Here  occurs  the  curious  rock 
called  "catawbarite,"  by  Lieber.     This  is  an  intimate  mixture 
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f  talcose  matter  with  specular  and  magnetic  iron,  containing 
3metimes  enough  of  the  latter  to  be  worked  as  an  ore. 

Just  opposite  the  town  of  Lynchburg  occurs  the  most  east- 
m  of  the  ledges  of  the  syenitic  rock,  which  forms  an  import- 
nt  feature  of  the  east  and  central  portions  of  the  vallejr. 
»ince  the  section  given  above  was  made  by  Rogers,  the  rail- 
oad  from  Washington  to  Lynchburg  has  been  made.  This 
uns  for  sixty  miles  among  these  ledges,  and  exposes  by  numer- 
us  cuts  their  nature.  One  of  the  most  striking  features  pre- 
ented  is  the  great  amount  of  decay  exhibited.  Often  cuts 
wenty  feet  deep  fail  to  give  perfectly  sound  material.  It 
reathers  to  a  rusty  brown  mass,  presenting  rounded  outlines, 
lome  ledges,  however,  are  almost  perfectly  fresh.  The  bed- 
ine,  and  relation  to  the  enclosing  mica  slates,  are  well  shown 
oth  here  and  at  Lynchburg,  in  the  natural  section  presented 
long  James  River. 

Returning  to  the  latter  place,  we  find,  as  we  proceed  up 
tream,  numerous  ledges  of  this  rock  succeeding  each  other  at 
hort  intervals,  being  overlaid  uncf>nformably  by  mica  slate, 
rhich  passes  occasionally  into  mica  schist.  These  ledges  oc- 
upy  a  belt  extending  to  the  west  some  five  or  six  miles,  but 
[iminish  in  frequency  westward  until  mica  slates  again  oc- 
upy  the  entire  surface.  These  latter  continue  to  the  distance 
if  some  ten  miles  from  the  town,  when  the  coarse  granites  and 
yenites  of  "Tobacco  Row,"  and  '*No  Business*'  Mountains 
nake  their  appearance. 

The  ledffes  in  question  often  present  the  appearance  of  low 
lykes  with  rounded  summits,  over  which  the  slates  arch  un- 
)rokenly.  Then  they  commonly  lie  in  heavy  layers,  resem- 
)ling  stratified  beds  to  a  certain  extent  This,  however,  I  con- 
nder  to  be  produced  by  that  concentric  structure  so  often  seen 
in  cooling  masses,  and  which,  when  formed  on  a  large  scale  and 
riewed  in  small  segments,  is  easily  mistaken  for  stratification. 
The  rock  sometimes  breaks  through  the  slates,  and  one  ledge 
reverses  the  dip  developed  by  its  neighbor,  crumpling  back  the 
slates,  contorting  and  crushing  thenL  The  width  varies  greatly. 
I  saw  one  ledge  600  feet  wide  near  the  town,  but  many  are  no 
more  than  100  feet  wide. 

The  principal  component  is  hornblende,  in  pretty  large  crys- 
tsJHne  particles,  imbedded  in  a  rather  scanty  cement  of  fine 
^nular,  white  feldspar.  This  is  too  fine  to  show  crystalline 
Eaces,  and  hence  the  species  could  not  be  determined.  Taking 
he  features  all  together,  it  most  resembles  a  syenite,  formed  by 
imperfect  fusion  through  metamorphic  action  on  some  under- 
lying rock  rich  in  basic  compounds.  Its  texture  is  rather 
loose,  none  of  the  components  are  perfectly  crystallized,  or 
fdsed  together,  and  hence  perhaps  tne  ease  with  which  it  de- 
composes. 
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The  IbllowiDg  accessory  minerala  oooar  oocanoDallj :  ganek, 
ratile,  rabellan,  pyrita 

For  much  of  toe  distance  above  Lynchborg  mica  date  pre- 
dominates. It  shows  mostly  a  dip  soath-southeaat,  but  sevenl 
revezsals  occur,  and  continue  for  a  considerable  distance.  The 
&ci  is  to  be  noted,  that  in  this  r^on  there  is  no  constancy  of 
dip  indicating  a  great  succession  of  closed  folds.  The  moun- 
tains some  ten  miles  aboye  Lynchburg,  containing  the  granites 
and  syenites  of  the  central  ptrts  of  the  Talley,  I  had  no  oppor 
tunity  to  examine.  From  nand  specimens  obtained,  the  giao- 
ite  is  an  exceedingly  coarBe-grained,  roughJooking  rock,  com- 
posed principally  of  qaartz,  with  a  snudler  amount  of  Uack 
mica  and  white  orthociase.  The  mica  has  a  tendency  to  aggre- 
gate into  lumps,  so  as  to  give  the  rock  a  rather  nn^ular  aspect, 
the  white  ground  of  the  quarts  and  feldspar  being  mawed 
with  black  spots,  sometimes  of  large  sixe.  These  rocks  are  to 
be  regarded  as  forming  one  system  with  the  syenites  at  Lynch- 
burg, as  is  shown  in  the  cuttmgs  along  the  railroad,  which  ruiiB 
through  them  in  the  yalley. 

My  detailed  examination  was  resumed  on  James  Biyer,  about 
three  miles  fh>m  where  it  issues  from  the  east  base  of  the  Blue 
Bidga  The  ridge  here  is  a  composite  one,  being  formed  of 
seyeral  parallel  chains ;  those  on  the  east  bein^  composed  of 
crystalline  rocks,  and  those  on  the  west  of  Silurian  strata. 
The  foot  hills  on  the  east  often  rival  in  height  the  main  chain. 

The  first  rock  seen  here  is  a  mica  schist,  with  a  dip  30^ 
northwest  This  on  the  west  is  succeeded  by  a  mass  of  gneiss 
900  feet  wide,  apparently  intruded  among  the  slates.  Its  dip 
is  so  confused  by  vertical  joints  that  I  could  not  make  it  out 
The  composition  is  principally  of  uncrystallized  feldspar,  dark 
mica  in  fine  lines,  and  quartz  distributed  in  numberless  seams 
of  almost  microscopic  fineness,  showing  that  the  rock  is  hiffUj 
altered.  This  is  succeeded  by  a  narrow  band  of  mica  &te, 
dipping  southeast,  toward  the  gneiss.  The  slate  is  succeeded 
by  a  wide  belt  of  coarse  sjenitic  rock,  which  forms  some  of 
the  highest  foot  hills  of  the  ridge  here.  This  rock  extends 
for  a  half  mile,  and  is  overlaid  unconformably  by  mica  slates 
and  schists,  through  which  it  has  evidently  been  protruded. 
It  is  a  massive  coarse-grained  rock,  composed  principally  of 
red  feldspar  (orthociase),  quartz,  and  a  smaller  amount  of  bom- 
blenda  None  of  the  constituents  are  well  crystallized,  or  dis- 
tinctly segregated.  The  feldspar  forms  large  particles  and  the 
hornblende  shows  a  tendency  to  arrange  itself  in  irregular 
patches  and  linea  Some  greenish  feldspar  occurs.  The  junc- 
tion with  the  slates  on  the  west  side  well  shows  the  relation  of 
the  two  systema  The  slates  lean  upon  the  syenite  with  a  dip 
of  45^  to  the  northwest,  showing  a  sharply  distinct  line  of  con- 
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)cX.  This  mass  is  plainly  an  outlier  of  a  larger  body  of  sim- 
ar  rock,  which  is  to  be  found  in  the  main  mountain  just  west 
r  it.  The  slates  and  schists  continue  200  jards,  wnen  they 
re  thrown  into  a  gentle  arch  by  the  protrusion  of  a  ledge  of 
inite  porphyry,  300  feet  wide.  This  in  all  respects  resembles 
le  rock  at  harper's  Ferry.  It  occupies  here  the  same  position 
ilative  to  the  Silurian  strata,  being  about  three  miles  distant 
om  them.     After  an  interval  of  160  yards  of  slat«,  we  have 

second  outcrop  of  pinite  porphyry,  in  a  ledge  about  eighty 
fet  wide.  This  is  followed  by  several  hundred  yards  of  mica 
ates,  showii^  a  moderate  southeast  dip.  For  some  distance 
le  rock  is  concealed,  and  then  we  have  about  400  yards  of 
rgillites,  the  first  appearance  of  this  rock  on  this  section, 
hese  slates  do  not  have  the  heavy  bedding  and  chloritic  com- 
Dsition  of  those  described  farther  north,  but  are  thinly  lami- 
ated  and  cleave  well  Their  western  edge  is  thrown  into  a 
-ushed  anticlinal,  changing  from  a  previous  dip  to  the  south- 
ist  This  is  caused  by  the  appearance  of  an  extensive  ledge 
I  pinite  porphyry  about  600  feet  wide.  Succeeding  this  we 
ave  a  belt  of  mica  slate,  about  half  a  mile  wide,  extending  to 
le  crystalline  massive  rock  of  the  main  ridge.  These  latter 
ates  dip  high  to  the  southeast,  being  almost  vertical  and  reg- 
lated  in  dip  and  strike  by  the  course  of  the  massive  rock  of 
le  Blue  Ridge.  These  dips  given  as  southeast  are  more  prop- 
rly  south-southeast  and  even  south  in  some  places,  acconling 
)  the  curves  of  the  crystalline  mass  which  determines  the 
osition  of  the  main  cham. 

A  few  hundred  feet  from  the  main  mountain  we  see  a  ledge 
i  highly-altered  quartzite,  about  forty  feet  wide,  reaching  over 
)ward  the  ridge.  This  rock  is  significant,  for  it  resenables  a 
ighly  indurated  form  of  the  Silurian  quartzites,  which  are  to 
e  seen  on  the  opposite  side,  arching  over  with  a  reversed  dip 
3  meet  it  This  ledge,  however,  is  much  thinner  than  the  Silu- 
ian  strata,  and  is  impregnated  with  chlorite  and  epidote  in 
►laces,  having  its  texture  perfectly  compact  The  slates  be- 
ireen  it  and  the  syenite  are  much  alterea,  being  cut  by  joints, 
nd  having  lost  their  slaty  cleavage.  They  are  also  impreg- 
tated  with  siliceous  and  ferruginous  matters,  causing  them  to 
SBume  a  red  color  on  weathering.  Their  edges,  viewed  across 
he  chasm  cut  by  the  stream,  show  this  change  very  strikingly, 
'hey  are  seen  to  arch  over  the  east  slope  of  the  crystalline 
ock  in  the  form  of  a  shell. 

Passing  through  the  gor^e  cut  by  the  river  in  the  most  east- 
ra  of  the  principal  elevations,  we  find  that  the  river  skirts  its 
rest  base  for  a  short  distance.  Turning  here  so  as  to  front  this 
lountain  from  the  west,  we  see  that  its  entire  face,  for  more 
ban  1,000  feet,  is  composed  of  a  rugged,  precipitous  mass  of 
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crystalline  rocks,  whUe  a  band  of  reddish  nMah% 
eighty  or  one  hundred  feet  thick,  show  theu^  edges  skirting  As 
summit  This  band  is  the  west  edge  of  the  slates  which  wen 
seen  resting  on  the  mountain  along  the  east  sida 

The  Blue  Bidge  in  this  part  of  the  State  is,  as  stated  befon^ 
composed  of  several  parallel  ranges  of  nearly  ec^nal  height 
The  one  just  mentioned  is  composed  of  a  spedes  of  cosne 
syenite,  while  the  other  ran^  more  to  the  west  are  made  up 
of  the  durable  quartzites  which  here  form  the  Lower  SUoriaa 
strata. 

The  entire  zone  of  crystalline,  massiye  rocks  here  seen  is 
about  one  mile  wida  The  most  eastern  portion,  oomposii^ 
die  main  ridge  just  described,  is  a  rock  in  all  respects  like  die 
coarse  syenite  mentioned  as  composing  the  foot  hills  fiurther 
east  It  is  trul^  a  protean  rock.  No  two  hand  specimens  will 
show  exactly  similar  physical  features,  althoush  the  essential 
constituents  are  pretty  constant  Bed  orthodaae,  iu  coane^ 
badly  crystallizea  particles,  forms  the  chief  component,  bat 
white  and  green  feldspar  of  the  saine  species  also  oociu 
Quartz  is  next  in  abundanca  The  hornblende,  which  is  scanty 
in  amount,  never  forms  distinct  crystals.  Butile  not  wdl  seg- 
regated, and  films  of  hematitic  matter,  are  also  seen.  For 
some  distance  next  to  the  slates,  on  the  east,  the  rock  has  the 
fine,  well-crystallized  texture  of  a  diorita  We  have  here  with- 
out doubt  an  eruption  of  true  igneous  rock  along  the  line  of 
junction  of  the  two  systems,  an  occurrence  not  uncommon. 

On  the  west  side  we  see  at  the  base  of  the  main  mass  a  ledge 
about  100  feet  wide,  of  a  rock  of  similar  composition  with  the 
coarse  syenite,  but  of  much  finer  texture ;  it  being  in  some 
parts  almost  compact,  and  imprecated  in  spots  with  chlorite 
and  epidote,  so  as  to  give  it  a  bright  green  color.  This  acain 
seems  to  be  a  modification  product  by  its  position  on  the  bor 
der  of  the  principal  mass.  West  of  it,  the  rock  changes  again, 
and  for  about  1,200  feet  we  have  a  variety  of  syenite  of  fine 
and  more  uniform  texture,  in  which  the  minerals  are  more  in- 
dividualized, and  better  crystallized  This  extends  up  to  the 
Lower  Silurian  strata,  which  rest  against  it  with  a  steep  north- 
west dip,  the  lower  beds  being  so  much  altered  as  entirely  to 
lose  their  characteristic  features.  This  portion  of  the  syenite 
betrays  its  more  durable  character  by  presenting  extensive 
ledges  in  the  bed  of  the  river,  while  the  coarse  rock  to  the 
east  has  been  worn  down  almost  entirely.  I  consider  this  to 
be  the  equivalent  of  the  peculiar  syenite  to  be  described  as  oc- 
curring at  the  Peaks  of  Otter. 

My  next  examination  was  made  twenty-five  miles  to  the 
southwest,  along  a  line  ten  miles  in  length,  extending  west 
ward,  fix)m  Liberty  in  Bedford  County  to  the  Peaks  of  Otter. 
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The  Gatoctin  Mountains,  as  cut  by  the  extension  of  this  line, 
do  not  form  a  continuous  range.  Li  its  stead,  we  have  isolated 
elevations,  composed  of  ribs  of  quartzite  standing  nearly  verti- 
cal. To  the  west  of  Liberty,  for  four  or  five  miles,  we  have 
mica  schists  and  hornblende  schists,  much  decayed  and  eroded. 
Succeeding  these  come  hornblende  schists,  presenting  the  same 
character,  and  all  with  moderate  southeast  dip.  On  reaching 
**  Big  Otter  Creek,"  about  two  and  a  half  miles  from  the  Blue 
Bidge,  we  see  a  ledge  of  protogine,  showing  a  width  of  600 
feet  This  has  thrown  off  the  hornblende  schist  nearly  verti- 
cally to  the  southeast  This  rock,  which  from  its  position  is 
the  equivalent  of  the  pinite  porphyry,  is  composed  of  quartz, 
dull  white  feldspar,  and  talc,  arranged  with  granitoid  texture. 
The  quartz  often  appears  in  shot-like  lumps,  and  sometimes 
shows  quite  large  irregular  masses.  It  presents  in  this  con- 
dition a  peculiar  sky-blue  color  and  waxy  luster.  There  can 
be  no  doubt,  I  think,  that  it  is  the  same  mass  which  appears 
&rther  north  as  pinite  porphyry,  but  here  like  most  of  the 
rocks  of  this  r^on,  from  more  complete  metamorphism,  hav- 
ing assumed  more  of  the  character  oi  a  true  igneous  rock. 

Next  to  this,  on  the  west,  we  have  a  belt  a  quarter  of  a  mile 
wide  of  heavy-bcJdded  mica  schist,  which  passes  into  a  bedded 
Bvenite  or  hornblende  rock.  The  exposures  here  are  bad,  and 
the  passage  from  one  rock  to  another  cannot  be  traced,  for  the 
surface  of  all  these  rocks  is  much  decayed  and  concealed  by 
day.  Dip  of  both  southeast  This  syenite  is  composed  of 
well  segregated  hornblende,  in  larjge  crvstals,  combined  with 
large  crystals  of  a  yellowish-white  feldspar,  too  much  de- 
cayed to  show  its  true  character,  but  apparently  triclinic.  This 
rock  is  succeeded  by  a  wide  belt  of  massive  syenite,  which  is 
more  igneous-looking  in  its  durability,  want  of  bedding,  and 
apparent  protrusion.  The  latter  contains  white  orthoclase,  much 
hornblende  and  a  little  quartz.  This  extensive  belt  reaches 
to  within  half  a  mile  of  the  main  mountain.  It  is  here  suc- 
ceeded by  a  very  coarse  syenite,  which  exactly  resembles  that 
described  at  Balcony  Falls,  in  the  preceding  section,  with  the 
exception  that  the  red  feldspar,  which  principally  composes  it, 
shows  distinct  cleavage.  This  extends  to  within  a  few  hun- 
dred yards  of  the  base  of  the  mountain.  The  interval  is  occu- 
Sied  by  a  valley,  in  which  a  stream  flows,  whose  alluvial 
eposits,  combined  with  the  vast  quantity  of  transported  boul- 
ders, conceal  the  rock.  It  is  apparently  the  same  with  the 
preceding,  for  the  principal  mass  of  the  mountain  which  rises 
from  the  valley  is  composed  of  the  same  coarse  syenite,  showing, 
however  a  considerable  proportion  of  white  triclinic  feldspar. 
The  topography  of  the  locality  presents  some  noteworthy 
features. 
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The  Bine  Bidge  is  here  ttf^in  ft  single  chttin,  conipoied  en- 
tirely of  crystalline  rock.  There  are  no  considerable  hilk 
lying  to  the  east  of  the  main  ricU^.  This  latter  rises  imnw^ 
aiately  from  the  Talley  mentioned,  with  a  rounded,  gently 
swelling  slope,  bare  of  snrface-^arth,  but  ooyered  proiaaely 
with  immense  boulders  derived  firom  the  mass  composing  the 
Peaks  proper. 

After  attaining  the  summit  of  the  slope,  we  find  oursdves  on 
a  level  with  a  valley  Ijring  to  the  west  This  lies  alon^  the 
foot  of  a  chain  of  mountains  situated  &rther  west,  which  nvab 
the  Blue  Bidge  in  height,  and  is  coniposed  of  Silurian  stratu 
The  summit  of  the  slope  is  about  1600  feet  above  the  ^ley 
on  the  east 

On  each  side  of  this  point  rises  abruptly  a  mountain  1600 
feet  above  the  pass.  That  on  the  right,  composed  of  the  same 
rock  with  the  one  on  the  left,  is  not  an  isolated  peak,  but  it  ii 
the  end  of  a  great  mass  of  mountains  which  extend  norAeast 
as  fisir  as  the  eye  can  reach,  and  even  surpass  in  height  this 
peak  The  elevation  on  the  left,  which,  with  the  one  just  men- 
tioned, forms  the  Peaks  of  Otter,  is  an  isolated  eminence  It 
stands  up  abruptly  from  the  coarse  syenitic  mass  forming  its 
base,  like  a  huge  Vshimney,  showing  by  its  bare,  abrupt  ftcee, 
that  it  is  composed  of  different  material  from  the  sofd^ 
rounded,  well-worn  base  on  which  it  stands.  In  ascending  it 
we  find  the  coarse  syenite  accompanying  us  to  within  600  feet 
of  the  top  of  the  crag,  which  forms  the  highest  point  This 
would  seem  to  indicate  that  in  the  pass  at  least  1000  feet  of 
the  older  coarse  rock  has  been  scooped  out,  for  the  two  peaks 
&cmg  each  other  present  similar  features.  To  the  southwest, 
the  great  elevation  seen  at  the  Peaks  is  soon  lost  There  the 
crystalline  mass  rapidly  sinks  down  into  several  low  finger-like 
spurs,  and  farther  on  no  elevation  which  can  be  called  a  moan- 
tain  occurs.  The  Virginia  and  Tennessee  railroad  passes  the 
Blue  Bidge  at  Buford's  Chip  without  tunnelling,  and  by  mode- 
rate grades.  In  this  region,  as  Bogers  has  stated,  the  Silurian 
range  to  the  west  is  called  the  Blue  Bidge. 

The  following  then  is  the  structure  of  the  mountain  at  the 
Peaks.  The  main  mountain  rises  in  the  form  of  a  broad,  softly- 
rounded  ridge,  composed  of  coarse  svenites,  like  those  described 
at  the  east  base,  and  like  the  rocks  on  James  Biver  west  of 
Lynchburg.  From  this,  as  a  base,  rises  abruptly  on  the  west 
side  near  the  east  limit  of  the  Silurian  strata,  a  broad  ledge  of 
a  totally  different  rock,  which  will  be  presently  described.  To 
this  latter  mass,  which  is  about  900  feet  wide,  the  mountains 
owe  their  additional  height  of  1600  feet 

Many  peculiar  features  of  erosion  and  the  transport  of  mat- 
ter occur,  to  adequately  describe  which  too  much  space  would 
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1)6  required.  These  can  best  be  explained  by  assuming  the 
action  of  ice  through  this  gap.  In  passing  over  the  coarse  de- 
composing syenites,  which  form  the  lower  part  of  the  mountain, 
we  see  several  ledges  of  a  much  more  crystalline  rock  penetra- 
ting them.  This,  which  has  all  the  characters  of  a  true  igneous 
substance,  has  made  its  exit  principally  on  the  west  side,  in  the 
broad  ledge  which  forms  the  two  Peaks.  It  is  a  dark,  green- 
ish rock,  very  tou^h,  and  exceedingly  durabla  This  furnishes 
the  boulders  which  cover  the  east  slopes.  As  the  more  easily 
decompc^ng,  supporting  framework  of  coarse  syenite  crumbled 
away,  this  more  durable  substance  fell,  and  made  its  way  down 
the  gradual  slope,  perhaps  aided  by  ica 

It  is  composed  principally  of  a  peculiar  orthoclase  of  a  sea- 
green  color.     This  by  its  predominance  gives  a  green  color  to 
the  entire  rock.     The  other  constituent  is  a  granular  mixture 
of  hornblende  with  a  notable  amount  of  magnetic  iron.     All 
the  constituents  are  well  crystallized,  and  show  brilliant  cleav- 
age facea   Sometimes  the  feldspar  occurs  in  quite  large  masse& 
Its  crystals  are  always  much  larger  than  toosc  of  the  horn- 
blende and  magnetic  iron.      Some  pyrite  is  present      From 
some  trials,  I  am  inclined  to  think  that  the  green  color  of  the 
feldspar  is  due  to  finely  disseminated  hornblende.    It  is  plainly 
a  true  igneous  rock,  of  later  date  than  the  coarse  syenites     This 
then  would  be  a  true  eruptive  syenite,  whose  emission  may 
have  aided  in  producing  the  great  disturbances  seen  in  the 
Lower  Silurian  nere  and  elsewhere  in  the  State. 

This  belt  of  rocks  passes  out  of  Virginia  into  North  Caro- 
lina, and  is  there  contmued  in  the  broad  area  marked  by  Kerr 
as  Upper  Laurentian,  in  his  map  of  that  State.  I  will  defer 
any  remarks  on  the  age  of  the  aiflferent  rocks  here  presented 
until  after  the  presentation  of  some  facts  gathered  from  the 
study  of  the  Silurian  strata  which  join  them,  for  these  have  an 
important  bearing  on  this  question. 

In  this  article  I  have  devoted  most  space  to  the  geological 
structure  of  the  two  mountain  chains  and  to  the  massive  crys- 
talline rocks,  since  my  object  in  making  the  examination  was 
to  discover  whether  any  igneous  rocks  existed  in  them,  and,  if 
80,  to  determine  the  part  they  played  in  their  structure. 
Morgantown,  West  Yirginia,  Oct  16th. 
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Abt.  TSL— Notice  of  ike  Chemical  and  Geological  EuayeofT.  S, 

Hunt;*  by  Jakbs  D.  DAirju 

Mr  Hunt  has  brought  together,  in  this  volome  of  EsBm 
yarioos  memoirs  which  have  been  published  by  him  in  this 
Journal  and  elsewhere.  The  chemical  papers  are  important 
contributions  to  sciences  and  sliow  that  the  author  was  among 
the  first  to  appreciate  tne  principles  which  lie  at  the  basis  m 
what  is  callea  modem  chemistry.  He  further  applied  the  prin- 
ciples to  the  department  of  mineralogy ;  and^^  in  Uie  view 
wnich  he-  presented  in  1869  with  regard  to  the  molecular  rela- 
tions of  the  feldspars,  he  appears  to  hare  anticipated  Tschermak 
by  ten  years.  The  chapters  on  chemical  geology  contain  much 
that  is  valuable,  though  not  all  oririnal,  on  the  origin  of  igne- 
ous and  metamorphic  rocks,  of  ddomite  and  gypsum,  of  vol- 
canoes, of  mountains,  and  on  other  topics,  vet  coupled  with 
opinions,  of  fundamental  importance,  especiaUy  with  reference 
to  the  making  of  mountains,  metitmorpnism  and  the  origin  of 
some  kinds  of  rocks,  which  science,  we  think,  will  never  soa- 
tain.  There  is  an  important  chapter  on  ''  Bitumen  and  Pyro- 
schists/'  t  pointing  out  the  relations  in  chemical  constitatioD 
between  mineral  oil  and  certain  vegetable  and  animal  tissues, 
and  throwing  light  on  the  origin  of  the  oil.  The  memoir  on 
the  Chemistry  of  Natural  waters  is  well  worthy  of  study. 
Another,  on  the  Cambrian  and  Silurian  in  North  America,  is 
an  important  historical  document — although  &iling  to  show 
that  any  good  would  come  from  separating  the  Jrrimordial 
group  from  the  Silurian  and  calling  it  Cambrian,  when,  so  far 
as  the  fauna  and  stratification  go,  there  is  the  closest  relatioQ 
between  it  and  the  overlying  bed& 

The  reader  of  the  volume  will  observe  that  in  the  Third 
Chapter  the  White  Mountain  series  and  Green  Mountain  series 
of  rocks  are  made  (as  had  been  done  by  other  geologists)  Lower 
Silurian,  and  Upper  Silurian  and  Devonian,  in  age,  while  in  the 
Thirteenth  Chapter  (as  also  mentioned  in  the  preface  to  Chap- 
ter III),  both  are  pronounced  pre-Silurian.  In  this,  the  older 
view,  as  I  believe  I  have  proved,  is  the  one  sustained  by  the 
fects.  The  new  view  is  wholly  speculative,  being  based  on  no 
careful  stratigraphical  study  of  the  regions,  but  mainly  upon 
the  assumption  that  certain  kinds  of  crystalline  rocks  are  a  test 
of  geological  age  the  world  over.  Since  the  first  announcement 
of  this  doctrine  by  Mr.  Hunt,  I  have  spent  many  months  in  the 

*  Chemical  and  Geological  Essays,  By  Thomas  Sterrj  Hunt,  LL.D.  490  pjx 
Sto.    Boston.    18*75.    (James  R.  Osgood  ft  Co.) 

f  Mr.  Hunt^s  convenient  term  "  pjrroschists,"  applied  to  shales  containing  car- 
bonaceous material,  is  objectionable  in  that  the  rocks  are  shales  and  not  schists; 
tad  on  this  account  I  have  not  adopted  it  in  my  Geology. 
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idy  of  the  Green  Mountain  rocks  and  those  of  some  other 
rts  of  New  England,  in  order  to  ascertain  whether  there  is 
y  virtue  in  the  criterion ;  and  I  have  found  none.  Mr.  Hunt 
ikes  staurolite  evidence  of  pre-Silurian  age ;  while,  as  I  have 
own,  its  crystals  occur  in  crystalline  rocks  of  New  England 
at  are  not  older  than  Upper  Silurian.  Such  erroneous  con- 
isions  raake  it  apparent  that  in  reading  the  work  the  judg- 
3nt  should  be  held  in  reserve  until  the  other  side  is  heard. 
There  is  also  another  more  serious  reason  for  this  reserve. 
)r  the  volume  contains  a  series  of  misrepresentations  of  the 
3ws  of  others  wholly  unnecessary  to  the  presentation  of  the 
thors  opinions,  and  difficult  to  find  excuse  for.  These  mis- 
itements  have  already  been  the  occasion  of  various  correc- 
>ns  by  the  writer  in  this  Journal.  But,  as  they  are  now  re- 
odaced,  and  with  additions,  a  few  further  words  have  become 
ceasarv. 

The  controversy  between  us,  which  Mr.  Hunt  here  details  so 
•  as  his  side  is  concerned,  relates  chiefly  to  the  misrepresen- 
dons  of  my  views,  as  well  as  those  of  others,  which  are  con- 
ned in  his  Address  before  the  American  Association  in  1871, 
^king  Chapter  xni  of  his  volume  of  Essays. 
After  many  years  of  labor  for  the  progress  of  truth,  it  was 
•t  a  little  disappointing  to  find  myself  made  accountable  for 
3WS  I  did  not  hold,  and  have  them  denounced  as  "  sophistries" 
d  "contrary  jargon,"  even  though  placed  under  this  con- 
mnation  in  the  good  company  of  Gustaf  Rose,  Haidinger  and 
nany  others,"  all  equally  innocent  of  them.*  Soon  after  receiv- 
g  a  copy  of  the  Address,  in  the  autumn  of  1871,  I  informed 
r.  Hunt  of  the  incorrectness  of  his  statements  in  long  friendly 
tters.  Obtaining  no  satisfaction  in  this.  I  published  my  review 
his  Address  in  this  Journal  early  in  1872,f  and  in  it  denied 
at  I  entertained  the  views  he  had  attributed  to  me,  referring 
m  to  my  Geology  for  evidenca  Mr.  Hunt,  notwithstanding 
y  disavowal,  repeated  the  charges  in  a  reply,  rejecting  the 
eology  as  evidence ;  %  and  as  a  specimen  of  his  reasoning, 
id  his  way  of  treating  facts,  I  cite  the  following  from  my 
joinder  :§ 

"Mr.  Hunt's  most  extraordinary  feat  is  his  making  out  that  the 
riter  has  virtually  sustained  the  view  of  the  metamorphosis  of 
'omte  or  gneiss  to  limestone^  when,  as  I  said  before,  it  is  an  idea 
at  never  entered  my  head  until  the  reading  of  Mr.  Hunt's  cari- 
iture  of  the  subject.  The  proof  which  he  gives  is  remarkable, 
t  the  first  place,  he  says  that  my  Mineralogy  contains  the  fact 
lat  calcite  is  sometimes  found  pseudomorphous  after  quartz ;  and, 
another  place,  the  fact  that  calcite  is  found  pseudomorphous 
ter  feldspar.  Hence  the  conclusion,  granite  or  gneiss  to  lime- 
me.    Q.  E.  D. 

Bmjb,  pi  287.    f  This  Journ., m  iii,  86,  1872.    |  lb.,  iv,  41,  ISI^.    %lb./\^,V\. 
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Now,  if  the  facts  respecting  the  pseudomorphs  were  fade^  it 
woald  still  require  great  constructive  powers  to  make  out  from  the 
statements  the  conclusion  that  I  ever  held  to  the  '  metamorphosb 
of  granite  or  gneiss  into  limestone.'  But,  as  to  the  facts  :  {u  The 
Mineralogy  does  not  mention  any  case  of  the  pseudomormnsm  of 
calcite  after  quartz ;  and  (2)  the  pseudomorphs  of  calcite  after  feld- 
spar are  spoken  of  as  examples,  not  of  an  alteration  of  the  feldspar, 
but  of  its  removal  and  the  substitution  of  calcite  (4th  edit.,  p.  249, 
and  also  6th  edit.,  p.  361).  Now,  by  this  substitution  process,  the 
above  mentioned  metamorphosis  would  consist  (supposing  fiact  Na 
1  to  be  a  fact,  and  that  mica  crystals  may  be  similarly  changed  to 
calcite,  which  Mr.  Hunt  omits  to  include)  in  a  removal  of  all  the 
materials  of  the  granite  by  a  process  of  solution,  and  the  cotem- 
poraneous  or  subsequent  substitution  of  calcite ! 

All  will  admit  that  the  use  of  facts  and  not-facts  exhibited  in 
the  above  charee  is  most  extraordinary ;  and  can  judge  from  it, 
and  from  other  Tike  cases  stated,  of  Mr.  Hunt's  abiUty  to  appreci- 
ate, or  do  justice  to,  the  views  of  others.'' 

During  the  past  year  he  has  repeated  anew  his  assertions,  in 
a  note  before  tne  Boston  Natural  History  Society  ;*  and  to  this 
I  gave  a  brief  denial  in  the  last  volume  of  this  Journal  on  pages 
221,  222. 

Among  the  various  other  persons  persistently  misrepresented 
by  him,  no  one  has  been  more  grossly  so  than  the  late  Dr. 
Naumann.  Mr.  Hunt  claimed  in  his  Address  that  Naumann 
agreed  with  him  in  his  doctrine  that  pseudomorphism  in  the 
case  of  certain  silicates  was  simply  "envelopment. '  I  showed, 
by  a  direct  citation  of  facts  from  Naumann  s  work  on  Mineral- 
ogy, that  he  held,  on  the  contrary,  the  views  of  the  men  Mr. 
Hunt  had  denounced,  and  I  proved  that  the  letter  from  Nau- 
mann to  Delesse,  which  Mr.  Hunt  cited  to  sustain  his  opinion, 
did  not  refer  at  all  to  the  point  in  question.  (See  page  91  of 
vol.  iii,  1872,  of  this  Journal.)  Naumann  sustained  my  state- 
ment in  an  indignant  note  to  the  Jahrbuch  fur  Mmeralogie,  of 
which  the  following  is  a  translation : 

Dresden^  November  17, 1872. 

Professor  Sterry  Hunt,  in  his  Address  before  the  American 
Association  of  the  16th  of  August,  1871,  has  quoted  extracts  of  a 
letter  of  mine  to  Delesse,  which  were  printed  in  the  Bidletin  de  la 
Societe  Geologigue,  vol.  xviii,  p.  678  of  the  Second  Series,  and 
which  seem  to  show  that  my  views  agrc'e  with  his  theory  of  the 
formation  of  serpentine  and  the  allied  rocks. 

It  is  certainly  true  that  in  that  letter  I  have  expressed  myself 
satisfied  with  this:  that  my  friend  Delesse.  in  his  Treatise  {Rerher- 
ches  sur  les  Pseudomorphoses^  Ann.  ties  Mine^,  V,  xvi,  317,  et  seq.), 
has  separated  many  examples  of  what  are  really  cases  merely  of 

♦  Proceedings  for  1874,  p.  334. 
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gular  eoTelopment,  (enveloppemens  avec  orientation)  from  the 
eudomorphs  with  which,  although  haying  nothing  in  common 
Lth  them,  they  had  been  associated.  In  connection,  I  took  oc- 
flion  to  remark  that  it  seemed  to  me  an  analogous  error,  when 
I  gneisses,  amphibolites,  and  so  on,  are  regarded  as  metamorphio 
id  not  orisinally-formed  rocks;  and  that  the  confounding  of  the 
TO  ideas  of  pseudomorphism  and  metamorphism  has  haa  many 
ifortanate  results ;  and  further  that  I  recognize  as  pseudomorphs 
ily  those  cases  in  which  the  form  of  the  altered  crystal  is  still 
tsined.  The  mixture  or  mutual  envelopment  of  two  minerals 
generally  due  indeed  to  simultaneous  crystallization ;  and  yet 
ere  are  cases  of  envelopment  which  may  be  regarded  as  pseudo- 
drpbs,  provided  the  form  of  the  enveloped  crystal  is  still  recog- 
saole. 

Although  I  have  several  times  opposed  the  exaggerated  use  of  the 
•ctrioe  of  metamorphism,  yet  it  is  still  incomprehensible  to  me 
w  Professor  Sterry  Hunt  can  consider  the  portions  of  my  letter 
Delesse,  quoted  by  him,  as  proofs  that  I  regard  those  cases  of 
eudomorphism,  upon  which  tne  theory  of  metamorphism  is  based, 
for  the  most  part  only  examples  of  association  and  envelopment 
well  as  results  of  a  simultaneous  and  original  crystallization,  or 
at  this  view  of  mine  is  identical  with  that  proposed  by  himself  in 
e  year  1853.* 

Nothing  but  an  incomprehensible  misunderstanding  can  explain 
eh  an  opinion,  which,  moreover,  has  been  already  sufficiently 
sposed  oi  by  Dana  in  the  American  Journal  of  Science  for  Feb- 
lary  and  August  of  1872.  Carl  Naumann. 

In  Mr.  Hunt's  new  book  that  letter  to  Delesse  is  again  ap- 
jaled  to,  to  show  that  Naumann  holds  what  he  rejects,  and 
hat  every  one  who  is  acquainted  with  his  Mineralogy  knows 
lat  he  has  never  held ;  for  the  work  does  not  contain  a  word 
a  "envelopment"  in  the  chapter  on  Pseudomorphism,  and 
oth  in  that  chapter  and  elsewnere  he  presents  the  ordinarily 
ccepted  view.  Naumann's  note  to  the  Jahrhuch  was  not 
allea  out  by  anythiag  I  had  written  him;  I  never  addressed 
letter  on  the  subject  to  anyone  in  Europe. 
Mr.  Hunt  endeavors  to  make  out  that  Naumann  knew  the  con- 
JDts  of  his  Address  only  through  my  **  misleading  criticisms," 
nd  that  therefore  his  letter  is  not  to  be  taken  as  meaning  what 
isays.  But  Naumann,  after  giving  his  view  of  his  own  letter, 
(equally  precise  in  his  statement  of  Mr.  Hunt's  doctrine.  More- 
rer,  Naumann  shows  that  he  did  have  Mr.  Hunt's  writings  be- 
►re  him  ;  tor  he  refers  to  Mr.  Hunt's  views  in  "  1858,"  as  quoted 

^The  aentenoeof  Mr.  Hunt's,  published  in  1853,  which  is  here  referred  to,  is  as 
lows :  "  The  generaUy  admitted  notions  of  pseudomorphism  seem  to  have  orig- 
rtad  in  a  too  ezdusiye  plutonism,  and  require  such  varied  hypotheses  to  explain 
)  diffisrent  onaoa  that  we  are  led  to  seek  for  some  more  simple  explanation,  and 
find  it,  IB  manj  instances,  in  the  association  and  crystallizing  together  of  homol- 
Mis  and  isomorphous  species." — Am,  J.  Sci,^  II,  zvi,  218. — Eds. 
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in  his  AddrasB,  (see  foot-note  to  'flie  preceding  page,)  to  which 
date  or  citation  I  have  at  no  time  nntil  now  noSiae  any  allusioD ; 
and  the  fact  that  Mr.  Hunt,  as  he  admits,  omitted  part  of  the 
letter,  is  sufficient  to  explain  Naumann's  reference  to  eacfraeft^ 
if  it  be  not  also  true  that  only  extraeU  were  published  in  the 
AnnalcB  dea  Mines.  Naumann  was  too  thorough,  accurate,  and 
conscientious  a  man  in  all  his  scientific  work  to  have  written 
that  criticism  of  Mr.  Hunt  without  having  read  carefully  Mr. 
Hunt's  writings  on  the  subject  "  There  is  a  confusion,  not  to 
say  contradiction,  in  these  expressed  views  of  the  Tenersble 
teacher  not  easy  to  explain,*'*  if  we  take  Mr.  Hunt  as  our 
exDositor.  But  all  is  clear  enough  in  the  words  and  the  worki 
ofKaumann. 

Mr.  Hunt,  in  his  new  volume,  instead  of  offering  an  apolm 
for  his  misrepresentations,  gives  the  following  excuse  lor  mi 
course: 

*'  Nothing  has  been  further  from  my  intention  than  to  misrepe- 
sent  the  views  either  of  Naumann  or  of  Dana;  and  my  error,  if  1 
have  fidlen  into  one,  arises  from  the  difficulty  of  knowing  their 
real  opinions  upon  the  matters  in  discussion.  Let  Professor  Dani 
define,  as  clearly  as  I  have  done,  his  present  views  as  to  the  origin 
of  magnesian  rocks,  both  those  made  up  of  chrysolite  and  pyroz- 
enic  minerals,  and  those  composed  of  serpentine,  steatite  ana  chlo- 
rite, which  be  has  supposed  to  come  from  an  epigenesis  of  the  for 
mer ;  let  him  tell  us  wnether  he  holds  the  doctrine  of  pseudomorphic 
metamorphism  which  he  taught  in  1845, 1854  and  1858,  and  which, 
as  I  have  shown,  was  held  by  Delesse  as  late  as  1857,  or  that  doc- 
trine so  long  maintained  by  me,  which  the  latter  adopted  in  1861. 
Such  a  definition  would  he  eminently  satisfactory  to  those  who 
look  to  him  as  a  teacher  in  science,  and  would  prevent  any  farther 
misconception  or  unintentional  misrepresentation  of  his  viewa"       ^ 

Such  questions,  after  all  that  I  have  written  on  the  subjects 
mentioned,  are  strangely  out  of  place,  and  wrong  in  their  im- 
plications ;  for  I  have  expressly  stated  my  present  relation  to 
the  views  I  held  in  1845,  1854  and  1858,  tn  my  Notices  of  his 
Address;  and  the  difficulty  complained  of  in  the  opening  part 
of  the  paragraph  is,  as  shown  beyond,  wholly  a  subjective  one. 

When  I  referred  Mr.  Hunt  for  my  present  opinions  to  my 
Manual  of  Geology  (published  in  1862),  where  they  are  drawn 
out  at  length,  and  denied  that  I  held,  or  the  book  contained, 
the  doctrine  that  "  metamorphism  was  pseudomorphism  on  a 
broad  scale,"  and  did  the  same  again  in  my  rejoinder,  I  supposed 
that  I  had  been  as  explicit  as  possible ;  and  yet  I  am  asked  to 
make  another  assertion  on  the  subject  In  both  of  my  notices 
of  Mr.  Hunt's  Address  (see  the  citations  beyond,)  I  have  stated 

*  Hunt's  Eesajs,  p.  323. 
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t  I  bad  T^arded  serpentine  and  some  other  hydrous  mag- 
ian  rocks  as  examples  of  pseudomorphism  on  a  broad  scale, 
i  I  have  not  since  1858  made  the  principle  a  general  one, 
applied  it  to  any  other  rock&  That  statement  occurs  only 
Bk  book-notice  in  1858.* 

SV'ith  r^ard  to  magnesian  rocks,  I  have  stated  my  views 
my  first  notice  of  his  Address.     Again,  in  my  rejoinder  to 
reply,  in  August,  1872  (this  Joum.,  Ill,  iv,  108)  I  observe 
follows,  after  a  mention  of  various  facts : 

^  In  view  of  such  facts,  the  writer  still  holds,  as  in  1845,  that — 

*  *    <*  The  same  causes  that  have  originated  the  steatitic  scapolites, 

iflionaUy  picked  out  of  the  rocks,  have  given  magnesia  to  whole  rock-forma- 
B,  and  altered  throughout  their  physical  and  chemical  characters.  If  it  be 
)  that  the  cr3r8tals  of  serpentine  are  pseudomorphous  crystals,  altered  from 
rsolite,  it  is  also  true,  as  Breithaupt  has  suggested,  that  the  beds  of  serpentine 
:aining  them  are  likewise  altered ;  though  often  covering  square  leagues  in 
nt,  and  common  in  most  primary  formations.  The  beds  of  steatite,  tiie  still 
e  extensive  talcose  formations,  contain  everywhere  evidence  of  the  same 
itBL"— TlUv  J<mm,,  zlviii,  92,  1846. 

'  Besides  this  paragraph,  expressive  of  my  views,  Mr,  Hunt  cites 
)  another  of  the  same  purport  from  my  Mineralogy  of  1 854,  and 
^his,  also,  I  see  little  to  modify.    It  is  as  follows :  that — 

The  various  examples  of  peeudomorphism  should  be  understood  as  cases  not 
lAj  of  alteration  of  crystals,  but  in  many  instances  of  changes  in  beds  of 
:.  [Deleese  admits  this ;  see  p.  99.]  ^Hius  all  serpentine^  whether  in  moun- 
-maases,  or  the  simple  crystal,  has  been  formed  through  a  process  of  pseudo- 
phism,  or  in  more  general  language,  of  metamorphism;  the  same  is  true  of 
r  magryesian  rocks,  as  steatitiOi  talcose  or  diloritic  slates.f  Thus  the  subject 
letamorphism,  as  it  bears  on  all  crystalline  rocks,  and  of  pseudomorphism,  are 
branches  of  one  system  of  phenomena.'' — Jftn.,  Affi  edU,j  i,  226,  1854. 

These  statements  respecting  hydrous  magnesian  rocks  ought 
be  considered  clear  and  satisfactory ;  for  besides  declaring  my 
sent  relation  to  the  views  I  had  expressed  in  1845,  1864  and 
)8,  I  stated,  with  regard  to  the  origin  of  these  rocks,  all  that 
bought  to  be  warranted  in  the  existing  state  of  the  science. 
ave  nowhere  attempted  an  explanation  of  the  precise  chemical 
>cesses  in  the  production  of  magnesian  rocks,  while  Mr.  Hunt 
1 ;  but  I  fully  believe  that  his  very  clear  expositions  of  the 
(ject,  which  he  presents  to  me  as  a  model,  will  prove  to  be 
lost  worthless  when  the  "  real "  facts  are  better  understood. 
ieving  much  in  facts,  I  have  been  studying  the  subject  the 
t  year ;  and  the  observations  which  I  have  made  at  Brewster, 
w  York,  and  which  are  published  in  the  last  volume  of  this 

Amer.  Joum.  Sci.,  II,  xr7,  446.  That  the  expression  was  a  hasty  one  on  my 
18  evident  from  the  entire  rejection  of  the  opinion  from  my  Geology,  whidi 
written  in  1859  and  1862,  and  the  additional  fact  that  when  I  read  it  in  Mr. 
fs  Address  I  could  not  at  first  helieve  that  I  was  its  author,  and  again  and 
1  hunted  for  it  before  I  found  it 

[  would  now  remove  from  this  list  talcose  slate,  as  it  has  been  shown  to  be 
\j  hjdromica  slate,  and  also  chloritic  slate,  which  is  an  ordinary  metamorphic 
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Journal  (see  pages  871  and  477)  enable  us  to  more  a  step  fb^ 
ward,  and,  at  the  same  time,  leave  little  room  for  doubt  with 

Trd  to  the  small  valae  of  Mr.  Hunt's  8peoulali(»i8** 
had  no  occasion  to  speak  of  the  origin  of  chrysolite  nxdo, 
nor  do  I  now  see  that  it  was  necessary.  Such  rocks  are  known 
to  be  very  common  among  the  oldest  terranes  of  the  globe,  so 
that  this  material  for  making  serpentine  was  then  abundantly 
supplied.  Chrysolite  rocks  and  chrysolite  altered  to  serpentinei 
as  Gentb  has  shown,  occur  in  North  Carolina  ^on  a  brotd 
scale."  Hornblende  and  pyroxene  rocks  are  ordinary  metamo^ 
phic  rocks.  A  very  pure  hornblende  rock  of  great  Ai^neas 
occurs  in  the  Helderberg  formation  of  the  Connecticut  Yalley, 
in  Bemardston,  Massachusetts,  and  Yemon,  Yermonl 

Mr.  Hunt  keeps  up  his  misrepresoitations  even  when  he 
is  saying  that  ''  nothing  is  ftarther  fiom  my  intention  than  to 
misrepresent  the  views  either  of  Naumann  or  of  Dana.'*  Hii 
f>lea  (in  the  veir  next  sentence  to  this  one  about  his  *'  inten- 
tion,") as  to  the  *' difficulty  of  knowing  their  real  opinions  apon 
the  matters  in  discussion  is  a  subterfuge  that  can  do  him  no 
servica  Mr.  Hunt's  persistent  n^lect  to  look  into  the  works 
of  Naumann  for  his  opinion  on  the  point  in  dispute,  or  to  refer 
to  them  in  any  way,  is  a  natural  source  for  tne  diffioolty  he 
complains  o£  His  singular  refusal  to  take  my  Manual  of 
Oeology  as  evidence  with  r^ard  to  my  views  since  1862  is  alflo 
a  positive  source  of  difficulty.  But  difficulty  from  such  sources 
is  no  excusa  It  may  be  said  that  the  words  ''  difficulty  of 
knowing  their  real  opinions  upon  the  matters  in  discussion," 
referred  especially  to  one  question — the  chemical  process  in  the  1 
formation  of  magnesian  rocks.  But,  as  regards  Naumann,  this 
q^uestion  has  not  been  in  discussion  ;  and,  besides,  the  expres- 
sion admits  of  no  such  restriction. 

In  order  that  the  absurdity  of  the  claim  of  "  difficultj^  "  may 
be  still  better  appreciated,  and  to  prevent,  if  possible,  its  repe- 
tition, I  here  state  that — 

I  have  never  held,  and  my  writings  no  where  sustain^  thefoOotO' 
ing  opinions  which  Mr,  Hunt  has  attributed  to  me  and  others : — 

1.  The  ^'  possibility  of  converting  almost  any  silicate  into 
any  other." 

2.  The  possibility  of  converting  granite  into  limestona 
8.  The  possibility  of  converting  gneiss  into  limestone. 
4.  The  possibility  of  converting  diorite  into  limestona 

*  Mr.  Hunt,  in  his  hTpothesis,  attributes  the  origin  of  beds  of  serpentiiie  and 
steatite  to  the  alteration  of  chemically-deposited  beds  of  different  hydrous  inagne- 
sian  silicates  related  to  meerschaum.  Serpentine  occurs  of  various  ages,  and  is  ersa 
found  in  Cretaceous  rocks  in  California,  as  shown  by  Whitney.  &rttdnly  if  Be^ 
pontine  had  been  made  from  the  alteration  of  beds  of  hydrous  magnesian  silicitM, 
such  beds  should  now  exist  somewhere  in  the  unaUered  strata  between  tiie  ArduDsn 
and  Cretaceous ;  and  yet  they  do  not 
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5.  The  possibility  of  convertiog  granite  into  serpentine. 

6.  The  possibility  of  converting  granulite  into  serpentine. 

7.  The  possibility  of  converting  cneiss  into  serpentine. 

8.  The  possibility  of  converting  diorite  into  serpentine. 

9.  The  possibility  of  converting  limestone  into  granite. 

10.  The  possibility  of  converting  limestone  into  gneiss. 

Again,  with  the  exception  of  the  year  1858,  I  have  never 
leld  nor  taught  that  metamorpbism  is  pseudomorphism  on  a 
troad  scale.  My  Geology  gives  a  very  aiflferent  definition  of 
netamorphisoL 

I  regret  that  I  have  been  compelled  to  return  to  this  un- 
)leasant  subject  Charged  with  holding  views  which  I  did  not 
sntertain,  it  became  a  duty  to  the  cause  of  scientific  truth  to 
>ut  in  a  disclaimer.  And  now  that  Mr.  Hunt*s  misstatements 
lave  been  given  new  currency  by  a  republication  of  them,  with 
idditions,  in  his  volume  of  Essays,  and  since  his  repeated  asser- 
iions  have  led  to  my  being  quoted  for  the  views  attributed  to 
nCf  a  new  explanation  and  denial  seemed  to  be  demanded. 

The  case  is  a  strange  one  in  the  annals  of  science.  Four 
^ears  have  not  sufficed  to  secure  a  recognition  of  the  facts. 
&.ny  other  person,  with  hardly  an  exception,  if  he  had  had  my 
ienial,  and  had  been  referred  to  publications  of  mine  that  gave 
ny  views  and  fully  sustained  the  denial,  would  have  accepted 
the  statement,  and  made  a  public  correction.  The  misrepre- 
sentations are  a  blot  on  the  volume  of  Essays,  and  one  which 
might  have  easily  been  avoided. 


Art.  Xin. — Do  Varieties  wear  out,  or  tend  to  wear  out?    By 

Professor  Asa  Gray. 

The  following  article  was  published  in  the  N.  Y.  Tnbune,  (the 
Semi-weekly,  of  Dec.  8,)  in  response  to  some  questions  referred  to 
the  author.  Although  cast  in  a  popular  form,  for  general  readers, 
we  deem  it  well  worthy  of  reproduction  in  this  Journal. — Eds. 

This  question  has  been  argued  from  time  to  time  for  more 
than  half  a  century,  and  is  far  from  being  settled  yet.  Indeed, 
it  is  not  to  be  settled  either  way  so  easily  as  is  sometimes 
thought  The  result  of  a  prolonged  and  rather  lively  discus- 
sion of  the  topic  about  forty  years  ago  in  England,  m  which 
Lindlej  bore  a  leading  part  on  the  negative  side,  was,  if  we 
l^htly  remember,  that  the  nays  had  the  best  of  the  argument 
The  deniers  could  fairly  well  explain  away  the  facts  adduced  by 
the  other  side,  and  evade  the  force  of  the  reasons  theu  aasvgcv^d 
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to  prove  that  yarietieB  were  boand  to  die  oat  in  the  ooane  of 
time.  But  if  the  case  were  fully  re-argued  now,  it  is  by  no 
means  certain  that  the  nays  would  win  it  The  most  they 
could  expect  would  be  the  Scotch  verdict^  *'  not  proven."  And 
this  not  because  much,  if  any,  additional  evidence  of  the  actual 
wearing  out  of  any  variety  nas  turned  up  since,  but  becaase  a 
presumption  has  1>een  raised  under  which  the  evidence  would 
take  a  bias  the  other  way.  There  is  now  in  the  minds  of  scien- 
tific men  some  reason  to  expect  that  certain  varieties  would 
die  out  in  the  long  run,  and  this  might  have  an  important 
influence  upon  the  interpretation  of  the  fiicts  that  would  be 
brought  forward.  Curiously  enough,  however,  the  recent  dia- 
oussions  to  which  our  attention  has  been  called  seem,  on  botli 
sides,  to  have  overlooked  this  matter. 

But,  first  of  all,  tiie  question  needs  to  be  more  c^)eoificany 
stated  if  any  good  is  to  come  from  a  discussion  of  it  Then 
are  varieties  and  varieties.  They  may^  some  of  them,  disap- 
pear or  deteriorate,  but  yet  not  wear  out —  not  come  to  an  end 
uom  any  inherent  cause.  One  mi^ht  even  say,  the  younser 
they  are  the  less  the  chance  of  survival  unless  well  cared  ror. 
They  may  be  smothered  out  by  the  adverse  force  of  supericv 
numbers ;  they  are  even  more  likely  to  be  bred  out  of  ezie^ 
ence  by  unprevented  cross-fertilization,  or  to  disappear  from 
mere  change  of  fiishion.  The  question,  however,  is  not  so  much 
about  reversion  to  an  ancestral  state,  or  the  falling  off  of  a  high- 
bred stock  into  an  inferior  condition.  Of  such  cases  it  is  enough 
to  sav  that,  when  a  variety  or  strain,  of  animal  or  vegetable, 
is  led  up  to  unusual  fecundity  or  of  size  or  product  of  any 
organ,  for  our  good,  and  not  for  the  good  of  the  plant  or  ani- 
mal itself,  it  can  be  kept  so  only  hj  nigh  feeding  and  excep- 
tional care :  and  that  with  high  feedmg  and  artificial  appliances 
come  vastly  increased  liability  to  disease,  which  may  practically 
annihilate  the  race.  But  then  the  race,  like  the  bursted  boiler, 
could  not  be  said  to  wear  out,  while  if  left  to  ordinary  condi- 
tions, and  allowed  to  degenerate  back  into  a  more  natural,  if 
less  useful  state,  its  hold  on  life  would  evidently  be  increased 
rather  than  diminished. 

As  to  natural  varieties  or  races  under  normal  conditions,  sex- 
ually propagated,  it  could  readily  be  shown  that  they  are  neither 
more  nor  less  likely  to  disappear  from  any  inherent  cause  than 
the  species  from  which  they  originated.  Whether  species  wear 
out.  i.  e.,  have  their  rise,  culmination,  and  decline  from  any 
inherent  cause,  is  wholly  a  geological  and  very  speculative 
problem,  upon  which,  indeed,  only  vague  conjectures  can  be 
offered.  The  matter  actually  under  discussion  concerns  culti- 
vated domesticated  varieties  only,  and,  as  to  plants,  is  covered 
by  two  question& 
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irst,  tmll  races  propagated  by  seed,  being  so  fixed  that  they 
le  true  to  seed,  and  purely  bred,  (not  crossed  with  any  other 
,)  continue  so  indefinitely,  or  vnU  they  run  out  in  time — ^not 
out,  perhaps,  but  lose  their  distinguishing  characters  ?  Upon 
,  all  we  are  able  to  say  is  that  we  know  no  reason  why  tney 
aid  wear  out  or  deteriorate  from  any  inherent  cause.  The 
isient  existence  or  the  deterioration  and  disappearance  of 
ly  such  races  are  sufficiently  accounted  for  otherwise ;  as  in 
case  of  extraordinarily^  exuberant  varieties,  such  as  mam- 
;h  fruits  or  roots,  by  increased  liability  to  disease,  already 
erted  to,  or  by  the  failure  of  the  high  feeding  they  demand, 
-ommon  cause,  in  ordinary  cases,  is  cross-breeding,  through 
agency  of  wind  or  insects,  which  is  difficult  to  guard  against 
they  go  out  of  fashion  and  are  superseded  by  others  thought 
)e  better,  and  so  the  old  ones  disappear. 
>r,  finally,  they  may  revert  to  an  ancestral  form.  As  ofisprine 
1  to  resemble  grand-parents  aln^ost  as  much  as  parents,  ana 
,  line  of  close-bred  ancestry  is  generally  prepotent,  so  newlv 
^nated  varieties  have  always  a  tendency  to  reversion.  This 
retty  sure  to  show  itself  in  some  of  the  progeny  of  the  ear- 
generations,  and  the  breeder  has  to  guard  against  it  by  rigid 
ction.  But  the  older  the  variety  is — that  is,  the  longer  the 
es  of  generations  in  which  it  has  come  true  from  seed — the 
the  chance  of  reversion :  for  now,  to  be  like  the  immediate 
ents,  is  also  to  be  like  a  long  line  of  ancestry ;  and  so  all  the 
uences  concerned — that  is,  both  parental  and  ancestral  herit- 
iity — ^act  in  one  and  the  same  direction.  So,  since  the 
3r  a  race  is  the  more  reason  it  has  to  continue  true,  the  pre- 
iptiou  of  the  unlimited  permanence  of  old  races  is  very 

H  course  the  race  itself  may  give  off  new  varieties :  but  that 
lo  interference  with  the  vitality  of  the  original  stock.  If 
le  of  the  new  varieties  supplant  the  old,  that  will  not  be 
ause  the  unvaried  stock  is  worn  out  or  decrepit  with  age, 
.  because  in  wild  nature  the  newer  forms  are  better  adapted 
;he  surroundings,  or,  under  man's  care,  better  adapted  to  his 
its  or  fancies. 

[•he  second  (question,  and  one  upon  which  the  discussion 
►ut  the  wearing  out  of  varieties  generally  turns,  is,  WiU 
ieiies  propaga;ted  from  hvds^  i,  e.,  by  division^  gTofts^  bulbs,  tubers 
I  the  like,  necessarily  deteriorate  and  die  out  f  First,  Do  they 
out  as  a  matter  of  fact?  Upon  this,  the  testimony  has  all 
ng  been  conflicting.  Andrew  Knight  was  sure  that  they  do, 
I  there  could  hardly  be  a  more  trustworthy  witness. 

The  fact,"  he  says,  fifty  years  ago,  "  that  certain  varieties  of 
le  species  of  frait  which  have  been  long  cultivated  cannot  now 
naoe  to  grow  in  the  same  soils  and  under  the  same  mode  of 
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niMiaffementy  whieh  was  a  oentnry  ago  so  perfeeUy  wuooemhi^  m 
placed  beyond  the  reach  of  controveray.  Every  experiment  which 
seemed  to  afford  the  slightest  prospect  of  sacoess  was  tried  ^ 
myself  and  others  to  propa^te  the  old  varieties  of  the  apple  sod 
pear  which  formerly  constituted  the  orchards  of  Herefordnhire, 
without  a  single  healthy  or  efficient  tree  having  been  <ibtain«d ; 
and  I  believe  all  attempts  to  propagate  these  varieties  have,  daring 
some  years,  wholly  ceased  to  be  made.** 

To  this  it  was  replied,  in  that  and  tbe  next  generation,  thst 
cultivated  vines  have  been  transmitted  by  perpetaal  divisioD 
from  the  time  of  the  Bomans,  and  that  several  of  the  sorts,  atill 
prized  and  prolific,  are  well  identified,  among  them  the  ancient 
Grsscala,  considered  to  be  the  modem  Corinth  or  Cnnmnt  gnm 
which  has  immemoriallv  been  seedless ;  that  the  old  Nonpand 
apple  was  known  in  tne  time  of  Queen  Elizabeth ;  that  the 
Wnite  Beurr6  pears  of  France  have  been  propagated  from tiM 
earliest  times ;  and  that  Golden  Pippins,  St  Michael  pears,  and 
others  said  to  have  ran  out,  were  still  to  be  had  in  good  condi* 
tioD. 

Coming  down  to  the  uresent  year,  a  glance  through  the  pro- 
ceedings of  pomologicat  societies,  and  the  debates  of  fonnen* 
dubs,  brings  out  tbe  anme  difference  of  opinion.  The  testimosj 
is  nearly  equally  divided.  Perhaps  the  larger  number  speak  of 
the  deterioration  and  failure  of  particular  old  sorts ;  but  when 
the  question  turns  on  **  wearing  out, "  the  positive  evidence  of 
vigorous  trees  and  sound  fruits  is  most  telling.  A  little  positive 
testimony  outweighs  a  good  deal  of  negative.  This  cannot  read- 
ily be  explained  away,  while  tbe  failures  mav  be,  by  exhaustion 
oi  soil,  incoming  of  disease,  or  alteration  of  climate  or  circum- 
stancea  On  the  other  hand,  it  may  be  urged  that,  if  a  variety 
of  this  sort  is  fated  to  become  decrepit  and  die  out,  it  is  not 
bound  to  die  out  all  at  once,  and  every  where  at  the  same  time: 
It  would  be  expected  first  to  give  way  wherever  it  is  weakest, 
from  whatever  cause.  This  consideration  has  an  important 
bearing  upon  tbe  final  question,  are  old  varieties  of  this  kind 
on  the  way  to  die  out  on  account  of  their  age  or  any  inherent 
limit  of  vitality  ? 

Here,  again,  Mr.  Knight  took  an  extreme  view.  In  his  essay 
in  the  Philosophical  Transactions,  published  in  the.year  1810, 
he  propounded  the  theory,  not  merely  of  a  natural  limit  to 
varieties  from  grafts  and  cuttings,  but  even  that  they  would  not 
survive  the  natural  term  of  the  life  of  the  seedling  trees  from 
which  they  were  originally  taken.  Whatever  may  have  been 
his  view  of  the  natural  term  of  the  life  of  a  tree,  and  of  a  cutting 
being  merely  a  part  of  the  individual  that  produced  it,  there  is 
no  doubt  that  he  laid  himself  open  to  the  effective  replies  which 
were  made  from  all  sides  at  the  time,  and  have  lost  none  of 
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tfaeir  force  since.  Weeping  willows,  bread-fruits,  bananas, 
8ogar-cane«  tiger-lilies,  Jerusalem  artichokes,  and  the  like,  have 
been  propagated  for  a  long  while  in  this  way,  without  evident 
decadence. 

Moreover,  the  analogy  upon  which  his  hypothesis  is  founded 
will  not  hold.  Whether  or  not  one  adopts  the  present  writer^s 
conception,  that  individualitv  is  not  actually  reached  or  main- 
tainea  in  the  vegetable  worl(f,  it  is  clear  enough  that  a  common 
plant  or  tree  is  not  an  individual  in  the  sense  that  a  horse  or 
man,  or  any  one  of  the  higher  animals,  is — that  it  is  an  individ- 
ual only  in  the  sense  that  a  branching  zoophyte  or  mass  of 
coral  is.  Solvitur  crescendo :  the  tree  and  the  branch  equally 
demonstrate  that  they  are  not  individuals,  by  being  divided 
with  impunity  and  advantage,  with  no  loss  of  life,  but  much 
increase.  It  looks  odd  enough  to  see  a  writer  like  Mr.  Sisley 
reproducing  the  old  hypothesis  in  so  bare  a  form  as  this:  "I 
am  prepared  to  maintain  that  varieties  are  individuals,  and  that 
as  they  are  born  they  must  die,  like  other  individuals."  "  We 
know  that  oaks.  Sequoias  and  other  trees  live  several  centuries, 
but  how  many  we  do  not  exactly  know.  But  that  they  must 
die,  no  one  in  his  senses  will  dispute."  Now  what  people  in 
their  senses  do  dispute  is,  not  that  the  tree  will  die,  but  that 
other  trees,  established  from  cuttings  of  it,  will  die  with  it 

But  does  it  follow  from  this  that  non-sexually  propagated 
varieties  are  endowed  with  the  same  power  of  unlimited  dura- 
tion that  are  possessed  by  varieties  and  species  propagated  sex- 
ually— i.  a,  by  seed?    Those  who  think  so  jump  too  soon  at 
their  conclusion.     For,  as  to  the  facts,  it  is  not  enough  to  point 
out  the  diseases  or  the  trouble  in  the  soil  or  the  atmosphere  to 
which  certain  old  fruits  are  succumbing,  nor  to  prove  that  a 
parasitic  fungus  {Peronospora  infesians)  is  what  is  the  matter 
with  potatoes.     For  how  else  would  constitutional  debility,  if 
such  there  be,  more  naturally  manifest  itself  than  in  such  in- 
creased liability  or  diminishea  resistance  to  such  attacks?  And 
if  you  say  that,  anyhow,  such  varieties  do  not  die  of  old  age — 
meaning  that  each  individual  attacked  does  not  die  of  old  age, 
bat  of  manifest  disease — it  may  be  asked  in  return,  what  indi- 
ndaal  man  ever  dies  of  old  age  in  any  other  sense  than  of  a 
similar  inability  to  resist  invasions  which  in  earlier  years  would 
have  produced  no  noticeable  effect  ?  Aged  people  die  of  a  slight 
cold  or  a  slight  accident,  but  the  inevitable  weakness  that  at- 
tends old  age  is  what  makes  these  slight  attacks  fatal 

Finally,  there  is  a  philosophical  argument  which  tells  strongly 
for  some  limitations  of  the  auration  of  non-sexually-propagated 
forms,  one  that  probably  Knight  never  thought  of,  but  which 
we  should  not  have  expected  recent  writers  to  overlook.  When 
Mr.  Darwin  announced  the  principle  that  cross-fertilization  be- 
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tween  the  individnals  of  a  species  is  the  plan  of  natorei  and  is 
practioally  so  aniversal  that  it  fairly  sustains  his  inference,  that 
no  hermaphrodite  species  continually  self-fertilized  would  con- 
tinue to  exist,  he  made  it  clear  to  all  who  apprehend  and  receive 
the  principle,  that  a  series  of  plants  propagated  by  buds  only 
must  have  weaker  hold  of  life  than  a  series  reproduced  by  seed. 
For  the  former  is  the  closest  possible  kind  of  dose  breeding. 
Upon  this  ground  such  varieties  may  be  expected  ultimately  to 
die  out ;  but  "  the  mills  of  the  gods  grind  so  exceeding  slow  ^ 
that  we  cannot  say  that  any  particular  grist  has  been  actuallj 
ground  out  under  human  obseryation. 

If  it  be  asked  how  the  asserted  principle  is  proved  or  made 
probable,  we  can  here  merely  say  that  the  proof  is  whoUy  infer- 
ential But  the  inference  is  drawn  fiom  such  a  vast  array  of 
facts  that  it  is  well  nigh  irresistibla  It  is  the  legitimate  expla- 
nation of  those  arrangements  in  nature  to  secure  cross-fertiuza- 
tion  in  the  species,  eitner  constantly  or  occasionally,  which  are 
so  general,  so  varied  and  diverse,  and  we  may  add  so  exquisite 
and  wonderful,  that,  once  propounded,  we  see  that  it  must  be 
true.  What  else,  indeed,  is  the  meaning  and  use  of  sexual 
reproduction?  Not  simply  increase  in  numbers;  for  that  is 
otherwise  effectually  provided  for  by  budding  propagation  in 
plants  and  many  of  the  lower  animals.  There  are  plants,  indeed, 
of  the  lower  sort,  in  which  the  whole  multiplication  takes  place 
in  this  way,  and  with  great  rapidity.  These  also  have  sexual 
reproduction ;  but  in  it  two  old  individuals  are  always  destroyed 
to  make  a  single  new  one  I  Here  propagation  diminishes  the 
number  of  individuals  50  per  cent  Who  can  suppose  that  such 
a  costly  process  as  this,  and  that  all  the  exquisite  arrangements 
for  cross-fertilization  in  hermaphrodite  plants,  do  not  subserve 
some  most  important  purpose  ?  How  ana  why  the  union  of  two 
organisms,  or  generally  of  two  very  minute  portions  of  them, 
should  re-enforce  vitality,  we  do  not  know  and  can  hardly  con- 
jecture.    But  this  must  be  the  meaning  of  sexual  reproduction. 

The  conclusion  of  the  matter  from  the  scientific  point  of  view 
is,  that  sexually  propagated  varieties,  or  races,  although  liable 
to  disappear  through  change,  need  not  be  expected  to  wear  out, 
and  there  is  no  proof  that  they  do;  but,  that  non-sexually 
propagated  varieties,  though  not  liable  to  change,  may  theoret- 
ically be  expected  to  wear  out,  but  to  be  a  very  long  time 
about  it 
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Art.  XTV, — Chmmunications  from  ihs  Laboratory  of  WiUiams 

College ;  by  Ira  Eemsen. 

L  jFbrmation  ofParatoluic  Acid  from  Parasuiphotoluenic  Acid, 

In  an  article  published  a  short  time  ago  in  this  Journal  *  I 
stated  that  when  potassic  parasulphobenzoate  is  fused  with 
sodic  fonnate,  according  to  the  method  of  V.  Meyer  for  the 
synthesis  of  aromatic  acids,  terephtalic  acid  is  formed.  The  re- 
action was  a  very  clean  one,  not  a  trace  of  the  isomeric  phtalic 
acids  being  produced.  I  also  called  attention  to  the  fact  that  a 
certain  degree  of  importance  was  connected  with  this  result,  in 
as  much  as  it  showed,  more  conclusively  than  had  been  shown 
up  to  that  time,  that  the  reaction  of  Meyer  takes  place  in  a 
normal  manner,  and  is  hence  adapted  to  the  determination  of  the 
constitution  of  aromatic  bodies,  notwithstanding  the  doubts 
that  had  been  expressed  by  chemists  as  to  its  value  for  this 
purpose. 

Since  the  publication  of  the  above  article,  V.  v.  Eichterf  has 
attempted  to  prove  that  Meyer's  reaction  does  not  take  place  in 
a  normal  manner,  by  showing  that,  when  benzoic  acid  alone  is 
fused  with  sodic  formate,  both  isophtalic  and  terephtalic  acids 
are  produced.     He  had  evidently  not  read  my  article,  as  it  ap- 
peared in  this  Journal,  but  only  a  brief  prelimmary  notice  which 
1  had  previously  published  J  in  Germany,  in  which,  however,  I 
had  distinctly  stated  that  pure  terephtalic  acid  is  formed  from 
parasulphobenzoic  acid.    As  this  notice  was  a  brief  oue,  v.  Richter 
takes  the  liberty  of  doubting  the  assertion  clearly  made  in  it 
After  remarking  that  the  direct  replacement  of  the  brom-  and 
sulphogroups  in  benzoic  acid,  by  means  of  the  questionable 
reaction,  can  only  then  be  looked  upon  as  proved,  after  it  has 
been  shown  that  the  isomeric  substituted  benzoic  acids  may  be 
converted  into  the  corresponding  dicarbonic  acids  by  the  same 
reaction,   he  says :  "  Dieses  ist  aber  trotz  verschiedener  Ver- 
suche  nicht  gelungen ;  es  existirt  nur  eine  kurze  Anzeige  von 
L  Remsen  dass  er  aus  der  Parasulfobenzoesaure  reine  Terephtal- 
saure  erhalten ;"  and  he  then  proceeds  to  reason  exactly  as  if 
this  brief  notice  did  not  exist     Subsequently,  V.  Meyer  §  an- 
swered Richter  in  an  entirely  satisfactory  manner,  upholding 
the  correctness  of  my  assertion,  and  employing  it  as  an  argu- 
ment in  favor  of  his  views.     I  have  hence  not  felt  called  upon 
to  say  a  word  in  my  own  defense,  and  I  now  only  take  this 
opportunity  to  remark  that  a  priori  I  attach  as  much  weight  to 

♦VoL  V,  I'je,  274,  354. 

f  Berliner  Berichte,  vi  Jahrgang,  876,  879. 

t  n>id,  V  Jahrgang,  379. 
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an  assertion  made  in  a  brief  notice  as  to  one  made  in  a  long  arti- 
cle, and  I  shall  continue  to  do  so  hereafter,  whatever  deviation 
from  this  principle  the  custom  of  a  few  chemists  may  appear  to 
sanction. 

In  view  of  the  importance  of  the  question  under  discussion, 
I  have  endeavored  to  furnish  further  proofs  of  the  value  of 
Meyer's  reaction,  by  employing  it  for  the  purpose  of  eflFecting 
new  conversions  of  known  compounds  into  known  compounds 
the  constitutions  of  which  are  established.  Of  one  of  these  con- 
versions, viz.,  that  of  parasulphotoluenic  acid  into  paratoluic 
acid,  I  wish  to  speak  here. 

Pure  potassic  parasulphotoluenate  was  mixed  with  an  equal 
quantity  of  sodic  formate,  and  the  mixture  then  gradually 
heated  to  fusion,  the  mass  being  constantly  stirred.  All  the 
phenomena  mentioned  by  Meyer,  and  afterward  noticed  by 
myself,  were  repeated.  Vapors  of  an  exceedingly  disagreeable 
oaor  were  given  off,  and  the  mass  turned  darker  and  darker 
until  it  became  almost  black.  Towarrl  the  end  of  the  opera- 
tion, inflammable  gases  escaped  and  took  fire  at  the  top  of  the 
crucible.  The  whole  was  now  allowed  to  cool  and  then  treated 
with  water.  With  the  exception  of  a  small  black  residue,  the 
mixture  dissolved  entirely,  forming  a  clear  solution.  This  was 
treated  with  sulphuric  acid  until  it  showed  an  acid  reaction ; 
and  the  solution  was  then  agitated  with  ether  until  the  latter  no 
longer  extracted  any  solid  substance.  On  now  evaporating  the 
ether,  an  almost  colorless  solid  residue  remained  which  ex- 
hibited the  properties  of  an  aci(i  It  was  comparatively  easily 
soluble  in  boiling  water,  and  separated  from  this  solution,  on 
cooling,  in  the  form  of  microscopic  needles.  These  were  found 
to  sublime  with  ease,  and  were  thus  obtained  in  the  form  of 
beautiful,  flat  needles.  The  pure  substance  fused  instantly  at 
176°.  It  was  converted  into  the  barium  salt,  and  from  this 
reprecipitated.     Its  fusing  point  was  again  found  to  be  176°. 

These  properties  suffice  to  characterize  the  substance  as  para- 
toluic acid  ;  but  another  and  more  positive  proof  of  its  nature 
was  given.  The  acid  was  treated  with  the  ordinary  oxidizing 
mixture  of  potassic  dichromate,  sulphuric  acid  and  water,  and, 
after  boiling  for  a  short  time,  an  insoluble  powder  was  thrown 
down.  This  was  filtered  off^,  washed  and  aried,  and  was  then 
found  to  have  all  the  properties  of  terephtalic  acid.  It  was  in- 
soluble in  water,  hot  as  well  as  cold,  and  did  not  fuse,  but  sub- 
limed in  a  capillary  tube  before  an  applied  flame. 

Now  as  parasulphotoluenic  acid  is  known  to  yield  a  cresole, 
which  in  turn  yields  paraoxy  ben  zoic  acid,  and  as  paraoxvben- 
zoic  and  paratoluic  acids  are  conceded  to  belong  to  the  same 
series,  it  follows  that,  in  the  instance  here  considered,  the  sul- 
pho-group  is  replaced  directly  by  carboxyl.     But,  further,  para- 
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tolaic  acid  was  the  only  product  of  the  reaction.  I  was 
unable  to  discover  a  trace  of  any  other  acid,  although  special  pre- 
cautions were  taken  to  prevent  errors  of  observation  in  this 
respect.  The  quantity  of  the  product,  too,  was  sufficient  to 
warrant  the  conclusion  that  it  was  not  formed  by  any  secondary 
reaction. 

The  results  of  this  experiment  then  serve  to  strengthen  the 
conclusion  already  drawn  with  reference  to  Meyer*s  reaction, 
and  to  weaken  the  arguments  of  v.  Bichter.  I  shall  next 
attempt  to  convert  orthosulphotoluenic  acid  into  orthotoluic 
acid  by  the  same  method,  though  success  is  hardly  to  be  antici- 
pated, as*  Meyer  himself  failed  to  convert  chlorsalylic  acid  into 
the  corresponding  orthocarbonic  acid,  the  substituting  group 
being  replaced  by  hydrogen  instead  of  by  carboxyl. 

Another  experiment  with  which  I  have  been  occupied,  closely 
allied  to  that  described,  has  not  yet  led  to  decisive  results.  I 
stated,  in  the  article  already  referred  to,  that  having  failed  to 
obtain  orthosulphobenzoic  acid  from  orthosulphotoluenic  acid  by 
oxidation  with  potassic  dichromate  and  sulphuric  acid,  I  in- 
tended to  use  potassic  permanganate  in  alkaline  solution  for 
the  purpose  of  effecting  this  oxidation.  My  main  object  in 
preparing  orthosulphobenzoic  acid  was,  through  it,  to  reach 
phtalic  acid  by  means  of  Meyer  s  reaction.  It  appears  up  to 
the  present  that  orthosulphotoluenic  acid  is  destroyed  entirely 
by  potassic  permanganate  in  alkaline  solution,  though  I  do  not 
feel  prepared  to  assert  this  positively.  W.  Weith  *  has  lately 
shown   that  orthotoluic  acid  may  be  readily  converted  into 

?htalic  acid  by  potassic  permanganate  in  alkaline  solution, 
'hough  this  interesting  discovery  renders  the  preparation  of 
phtalic  acid,  by  the  method  proposed  by  me,  unnecessary  from 
one  stand-point,  I  shall,  nevertheless,  endeavor  to  accomplish 
this. 

IL   On  Nitroparasulphobenzoic  Add. 

In  continuing  my  investigations  on  parasulphaminbenzoic 
acid,  I  have  reachea  some  new  results  which  are  herewith  com- 
municated. 

I  first  attempted  to  introduce  the  group  SO 'OH  into  para- 
sulphaminbenzoic acid  in  order  thus  to  obtain  a  sulpho  acid 
which,  were  it  susceptible  to  ordinary  reagents,  might  lead  to 
deOnite  conclusions  concerning  the  dioxybenzoic  acids  and  the 
tricarbonic  acids  of  benzine.  Common  concentrated  sulphuric 
acid  dissolves  parasulphaminbenzoic  acid  when  heated  with  it, 
bat  does  not  change  it,  for,  on  diluting  with  water  the  solution 
thus  obtained,  the  original  acid  is  precipitated  in  its  charac- 
teristic acicular  crystals.     The  same  is  true  in  regard  to  the 

*  Berliner  Berichte,  yii  Jahrgang,  1057. 
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action  of  sulphuric  anhydride :  solution  ia  effected,  but  from 
thia  solution  paras  ulpham  in  ben  zoic  acid  'm  precipitated  ud- 
chaneed  on  the  addition  of  water.  On  toiling  the  acid  with 
Nordnausen  sulphuric  acid,  however,  a  change  is  accomplished, 
though  not  that  which  was  expected  and  desired.  The  change 
consists  simply  in  a  regeneration  of  parasulphobenzoic  acid 
from  the  amine-acid.  In  other  words,  the  group  NH'  is 
converted  into  OH.  The  parasulphobenzoic  acid  was  recc^- 
nized  by  diluting  with  water,  neutralizing  with  baric  carbonate, 
evaporating,  adding  chlorhydric  acid  and  allowing  to  cool. 
Thus  were  deposited  the  characteristic  flat  needles  of  the  acid 
barium  salL  This  possessed  all  the  properties  of  the  salt,  and 
its  identity  was  furtner  proved  by  the  following  analysis ; 

0'2476  grams  salt  lost  0'022  grams  on  being  heated  10  200°; 
and  gave  00963  grams  BaSO'^0-06662  grams  Ba. 
CiJaulated.  Foucd. 

2{C'H»SO'')         402         67-79         

Ba         137         23-10         22-88 
8H»0  64  9-11  B'88 

.193  10000 
1  next  endeavored  to  introduce  the  group  NO*  into  para- 
BuljiljaniliiliCDzoii.'  ;teid.  FuJiiiiig  iiitni-  uciil  Wiis  lirsl  cnmloveJ 
for  this  purpose.  When  this  is  boiled  with  the  amine-acid,  solu- 
tion takes  place,  and,  on  diluting  this  solution  with  water,  noth- 
ing ia  precipitated.  The  change  effected  is,  however,  the  same 
as  that  effected  by  Nortlhausen  sulphuric  acid,  viz  :  the  NH' 
group  is  simply  converted  into  OH,  and  parasulphobenzoic  acid 
Utua  r^enerated.  The  latter  acid  was  in  this  instance  also 
readily  recognized.  The  solution  was  evaporated  to  dryness 
on  the  water  bath  and  all  nitric  acid  thus  removed.  On  now 
dissolving  in  water,  neutralizing,  as  above,  with  baric  carbonat<:, 
adding  cUlorhydric  acid  and  allowing  to  cool,  the  acid  barium 
salt  was  deposited.  It  was  identified  beyond  a  doubt  by  the 
aid  of  the  following  analysis : 

0-5325  grams  salt  lost  0-0483  grams  on  being  heated  to  200"; 
and  gave  02095  grams,  BaSO'  =0-1232  grama  Ba. 
Calculated.  Found. 

2(C'H»S0»)         402         67-79         

Ba         137         23-10         2311 
3H«0  64  9-11  e-07 

593       100-00 
These  experiments  then  only  show  that  parasulphobenzoic 
acid  is  an  exceedingly  stable  compound,  as  it  resists  the  action 
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of  Nordhaasen  sulphuric  acid  and  fuming  nitric  acid  at  the 
boiling  temperatures,  no  matter  how  long  the  boiling  may  be 
continued.  It  may,  further,  be  looked  upon  as  an  interesting 
result  that  the  Nordhausen  acid  should  cause  a  conversion  of 
the  NH'  group  into  OH ;  a  fact  which  at  least  indicates  a 
remarkable  predisposition  on  the  part  of  the  amine-acid  to  con- 
version into  the  corresponding  sulpho-acid. 

Finally,  by  employing  a  mixture  of  the  two  agents  already 
employed,  I  was  enabled  to  obtain  a  substitution-product  of 
parasulphobenzoic  acid.  The  boiling  was  continued  until  red 
fumes  ceased  to  be  given  off,  and  the  solution  became  perfectly 
clear.  On  now  diluting  with  water,  neutralizing  with  baric  car- 
bonate, etc.,  a  new  salt  was  obtained.  This  was  comparatively 
easily  soluble  in  hot  water,  though  less  so  in  cold  water,  it 
crystallized  in  long,  lustrous  needles,  arranged  concentrically  in 
groups  which  might  be  termed  fan-shaped.  They  were  colored 
yellow,  and  repeated  recrystallizations  failed  to  remove  this 
color.  The  analyses  gave  the  following  results,  showing  the 
salt  to  be  the  neutral  barium  salt  of  nitroparasulphobenzoic 
acid : 

I.  0-2345  grams  salt  lost  0O147  grams  at  200° ;  and  then  gave 

01320  grams  BaSO*  =0077616  grams  Ba. 
n.  0-2335  grams  salt  lost  0-0155  grams  at  200° ;  and  then  gave 

0-1325  grams  BaSO*  =0  0779  grams  Ba. 

Calculated.  Found. 

C^H^SNO^         245         69-90  

Ba         137  33-60  33-10         3337 

liH«0  27  6-60  6-27  6-64 

409       100-00 
The  formula  of  this  salt  is  thus  seen  to  be 

C«HHNO»)  j  §2'  o^>Ba  +  l^H^O. 

A  nitrosulphobenzoic  acid  has  already  been  prepared  by 
Limpricht  and  Uslar.*  But,  as  this  was  obtainea  from  meta- 
sulphobenzoic  acid,  it  is  not  at  all  probable  that  the  two  are 
identical.  Nothing  is  known  concerning  the  relative  position 
of  the  nitro-group  in  either  of  these  acids,  nor  have  we  as  yet 
any  data  that  will  enable  us  to  draw  conclusions  of  value  with 
reference  to  this  point.  In  this  connection,  the  following 
method  of  investigation  suggests  itself.  Three  isomeric  nitro- 
benzoic  acids  are  known,  and  the  series  to  which  each  belongs 
is  also  known.  Now,  if  it  be  possible  to  introduce  into  these 
nitro-acids  the  sulpho-group,  compounds  would  be  obtained 

*  Annalen  der  Chemie  u.  Pharmacie,  cvi  21, 
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whicli  would  probably  be  identical  witb  the  two  known  forms 
of  nitrosulpho benzoic  acid.  According  to  the  onditiotis  then, 
we  would  liave  data  which  would  eoable  us  to  determine  ibe 
conalitution  of  these  latter  acids;  for  we  should  thud  fix  the  posi- 
tion, firet,  of  the  sulpho-group  with  reference  to  the  carboxyl, 
and  second,  t^at  of  the  nitro-groiip  in  one  and  the  same  com- 
pound. 

I  shall  endeavor  to  prove  the  feasibility  of  this  method  of  in- 
veatigation,  as  soon  as  poaaibla  It  is  well  to  remember,  how- 
ever, that  Mulder*  has  already  tried  to  obtain  a  nitrosulpboben- 
zoic  acid  by  the  action  of  sulphuric  acid  on  ordinary  (meta) 
nitrobenzoie  acid,  and  that  uo  such  product  resnlled.  Possibly 
the  isomeric  nitrobenzoie  acids  may  yield  more  satisfactory 
results. 

in.    On  the  Aetion  of  Potas»iiim  on  Mfii/l  succinatf-. 

Several  yeara  ayo  Fehlingf  described  a  peculiar  compound 
which  he  had  obtained  by  toe  action  of  potassium  on  ethyl  suc- 
cinate. This  comuound,  according  to  the  discoverer,  crystallizes 
in  yellowish  laminse  which  are  insoluble  in  water,  difficultly 
soluble  in  cold  alcohol,  easily  in  hot  alcohol.  The  formula 
deduced  from  the  analyses  was  C'H'O',  or  ethyl  succinate 
minus  the  constituents  of  one  molecule  of  alcohol.  The  exact 
nature  nf  this  \nAy  iv^i"  nut  <k-liTriiiiiud,  nnr  \v:is  inuob  more 
than  its  existence  and  composition  proved.  Its  peculiar  nature 
led  me  to  desire  a  more  thorough  knowledge  of  its  relations  to 
other  known  compounds,  and  I  have  hence  undertaken  its  study 
in  the  hope  of  being  able  to  discover  its  constitution  by  the  aid 
of  appropriate  experiments.  It  appears  possible  that  it  maybe 
the  representative  of  a  new  class  of  bodies  of  an  interesting 
nature,  which  may  be  prepared  under  similar  circumstances 
from  the  various  ethers  of  bibasic  fatty  acida 

Its  preparation  is  comparatively  simple,  and  the  yield  is  satis- 
factory. I  have  prepared  a  considerable  quantity,  and  have 
found  the  statements  of  Fehling  concerning  it  essentially  correct 
In  a  pure  condition,  it  forms  long,  flat,  beautiful  needles  of  a 
alightly  yellowish  color,  instead  of  yellow  laminie.  It  may  he 
l>oiled  with  alcohol  or  water  without  undergoing  change.  When 
sodium -amalgam  is  added  to  the  alcoholic  solution,  a  very  rapid 
change  takes  place.  A  briaht  red  precipitate  is  formed,  which 
is  insoluble  in  alcohol  but  easily  soluble  in  water.  From 
the  aqueous  solution  of  this  new  substance  chlorhydric  acid 
throws  down  a  white  precipitate,  which  is  insoluble  in  water 
and  difficultly  soluble  in  alcohol.  Dilute  caustic  potassa  pro- 
duces a  similar  change.     The  substance  dissolves  in  this  very 
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easily,  and  the  solution  conducts  itself  in  the  same  manner  as 
that  above  mentioned.  The  action  of  the  amalgam  is  then  due 
alone  to  the  formation  of  caustic  soda,  and  not  to  the  action  of 
Dascent  hydrogen. 

In  order  to  obtain  the  red  substance  above  referred  to,  the 
original  body  was  dissolved  in  warm  alcohol,  and  to  this  solu- 
tion an  alcoholic  solution  of  caustic  soda  was  added.  In  this 
manner  a  bright  red  voluminous  precipitate  was  obtained,  which 
consisted  of  very  fine  lustrous  needles.  This  was  filtered  off, 
well  washed  out  with  alcohol,  pressed  with  bibulous  paper  and 
allowed  to  dry.  In  drying,  tne  red  color  changes  to  yellow, 
but  the  needles  remain  otherwise  unchanged.  An  addition  of 
alcohol  to  the  yellow  substance  restores  the  red  color,  so  that 
there  seems  to  be  no  chemical  change  connected  with  that  of 
color.  Further,  this  yellow  body  after  being  dried  may  be  pre- 
served in  the  air.  Analyses  gave  as  a  result  12*37  per  cent 
sodium,  but  I  shall  not  attempt  to  deduce  a  formula  until  this 
result  has  been  confirmed  by  other  means. 

The  precipitate  that  is  produced  by  chlorhydric  acid  in  the 
aqueous  solution  of  the  red  substance  proved  to  be  the  body 
C'H'O',  so  that  it  would  seem  that  this  body  plays  the  part  of 
an  acid.  Alkaline  carbonates,  however,  do  not  act  in  the  same 
manner  as  the  hydroxides.  Without  the  aid  of  heat,  indeed, 
they  do  not  act  at  all.  When  the  body  C"H"0^  is  boiled  with 
sodic  carbonate,  succinic  acid  is  regenerated  and  is  precipitated 
on  the  addition  of  chlorhydric  acid  to  the  cooled  solution.  The 
same  is  true  when  in  the  case  of  the  hydroxides  the  solutions 
are  boiled.  Very  concentrated  aqueous  ammonia  does  not  act 
iipf»n  the  substance  C*H'0',  even  when  the  two  are  boiled  to- 
gether. 

I  intend  to  study  the  action  of  phosphoric  chloride  and  acetyl 
chloride,  and,  further,  of  nascent  hydrogen  in  acid  solution, 
produced  by  tin  and  alcoholic  chlorhydric  acid,  upon  the  body 
under  investigation,  and  expect  in  this  manner  to  reach  definite 
results  which  will  lead  to  a  knowledge  of  its  constitution. 

October,  1874. 


Akt.   XV. — On   the  Detection  of  Hydrocyanic  Acid;    by    M. 

Carey  Lea,  Philadelphia. 

1.  New  Test 

If  a  little  pure  protosalt  of  iron  (T  have  used  ferrous  ammo- 
nia sulphate)  be  dissolved  together  with  a  little  uranic  nitrate, 
we  have  a  solution  which,  with  a  soluble  cyanide,  gives  a  pur- 
ple precipitate,  or  in  very  dilute  solutions  of  the  cyanide,  a 
greyish  purple. 
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This  test  is  very  delicate.  Used  in  the  manner  to  be  pres- 
ently desoribedf  a  solution  of  potassic  cyanide,  containing  only 
Tin  of  ft  grain  of  anhydrous  hydrocyanic  acid,  gives  a  po- 
fectly  distinct  reaction.  It  is  therefore  not  exceraed  in  odi- 
cacy  by  any  known  test  for  that  substanca 

The  solution  of  iron  and  uranium  must  not  be  acidulated, 
but  on  the  contrary  should  be  quite  neutral,  and  so  dilute  as  to 
be  nearly  colorless.  A  grain  or  two  of  each  salt  may  be  dis- 
solved in  a  half  ounce  ol  water.  Two  or  three  drops  of  the 
mixed  solution  are  to  be  placed  in  a  clean  white  porcelain  cap- 
sule, and  a  drop  or  two  of  the  liquid  to  be  tested  should  be 
made  to  slip  slowly  down,  that  the  reaction  at  the  point  of  con- 
tact mav  be  carefully  noted. 

Cobaltous  nitrate  may  be  substituted  for  the  uranium  salt^ 
and  gives  an  almost  e(]^ually  delicate  reaction,  but  the  color  of 
the  cobalt  salt  is  an  objection. 

2.  Pni99ian  Blut  TwL 

The  delicacy  of  the  Prussian  blue  reaction  for  the  detection 
of  hydrocyanic  acid  has  been  much  understated*  Thus  Taylor 
(quoted  in  Watts'  Diet,  ii,  219^  affirms  that  whilst  the  sulpho- 
cyanide  reaction  is  capable  of  aistinctly  indicating^the  presence 
of  y^'yjf  of  a  grain  of  anhydrous  prussic  acid,  the  rrussian  blue 
test  will  not  detect  less  than  yf  ^  of  a  grain.  A  much  greater 
delicacy  than  this  can  be  obtained  by  using  appropriate  pre- 
cautions. 

There  must  not  be  too  much  iron  salt  present,  and  the  solu- 
tion of  iron  salt  must  not  be  too  strong:  these  two  points  are 
essential.  For  ferric  salt,  the  ammonia  citrate  is  to  be  preferred 
to  ammonia  ferric  alum  or  ferric  chlorida  The  best  mode  of 
proceeding  is  as  follows : 

A  weak  solution  of  iron  is  to  be  made,  containing  a  ferrous 
salt,  to  which  a  little  ferric  ammonia  citrate  is  to  be  addcfL  Of 
this  solution,  acidified  with  hydrochloric  acid,  two  or  three 
drops  only  are  to  be  placed  in  a  white  porcelain  capsula  A 
drop  of  the  liquid  to  be  tested  is  then  allowed  to  slip  down  the 
side  of  the  capsule,  and  this  meeting  the  iron  solution  will  give 
rise  to  the  production  of  a  blue  cloudiness. 

If  a  grain  of  potassic  cyanide  be  dissolved  in  four  ounces  of 
pure  water,  rendered  slightly  alkaline  with  caustic  alkali,  and  a 
single  drop  of  the  solution  be  allowed  to  flow  down  the  capsule 
in  the  manner  just  described,  a  distinct  blue  coloration  will 
result.  This  drop  will  have  contained  about  ^^\^  of  a  grain  of 
cyanide,  or  about  j^'j^  of  a  grain  of  anhydrous  prussic  acid, 
a  degree  of  delicacy  very  far  surpassing  that  found  by  Mr. 
Taylor;  surpassing,  indeed,  that  claimed  by  him  for  the  sulpbo- 
cyanhydric  test. 
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The  advantage  of  using  ferric  ammonia  citrate  over  ferric 
ammonia  alum  may  be  curiously  shown  as  follows : 

Place  in  a  smaU  white  porcelain  basin  about  an  ounce  of  a 
solution  containing  a  few  grains  each  of  ferrous  ammonia  sul- 
phate and  ferric  ammonia  sulphate  acidulated  with  hydrochloric 
acid.  Take  about  a  milligramme  of  cyanide  of  potassium,  or 
about  as  much  dust  of  that  substance  as  can  be  distinctly  per- 
ceived and  shake  it  into  the  basin.  Each  infinitesimal  particle 
will  produce  a  blue  coloration  as  it  touches  the  liquid,  but  on 
agitating,  the  blue  (if  the  quantity  of  cyanide  has  been  small 
enough)  will  disappear.  If  now  the  same  experiment  be  re- 
peated with  a  solution  of  ferrous  ammonia  sulphate  and  ferric 
ammonia  citrate,  also  acidulated,  the  blue  color  produced  does 
not  disappear  on  shaking,  but  presently  settles  or  oecomes  more 
conspicuous. 

For  the  same  reason,  ferric  ammonia  citrate  will  detect  infin- 
it^imal  traces  of  potassic  ferrocyanide  in  the  ferridcyanide 
when  ferric  chloride  and  ferric  ammonia  alum  will  not,  and 
therefore  it  should  have  the  preference  for  testing  the  purity 
of  potassic  ferridcyanide. 


Abt.  XVL — Binef  Contributions  to  Zoology  from  the  Museum  of 
YaJe  College,  No.  XXX. — The  Oigantic  Cephahpods  of  the 
North  Atlantic;  by  A.  E.  Verrill. 

The  existence  of  several  distinct  species  of  gigantic  ten- 
armed  cephalopods,  belonging  to  more  than  one  genus,  has 
been  well  established  by  the  researches  of  Steenstrup,  Harting 
and  others. 

More  recently  attention  has  been  repeatedly  called  to  the 
freauent  occurrence  of  these  remarkable  animals  in  the  waters 
of  Newfoundland.  In  an  article  on  this  subject,  in  this  Jour- 
nal, vol.  vii,  p.  158,  Feb.,  1874,  I  was  able  to  enumerate  five 
specimens  from  American  waters,  concerning  which  we  had 
some  reliable  information.*  Since  that  time  much  more  mate- 
rial has  been  accumulated,  and  I  am  now  able  to  cite  twelve 
American  examples.  I  have  also  had  opportunities  to  study 
portions  of  five  of  these  specimens.  These  evidently  repre- 
sent two  distinct  species,  both  of  which  belong  to  the  genus 
Architetithis  of  Steenstrup  (or  Megaloteuthts  of  Kent).  The 
largest  of  these  is  represented  only  by  the  jaws  of  two  speci- 
mens, one  of  which  (No.  1  in  my  former  article)  was  found 
floating  at  the  Banks  of  Newfoundland,  and  the  other  (which 

*8ee  articlee  on  this  subject  by  the  writer,  in  the  American  Naturalist,  voL  Ix, 
Jhl,  1875 ;  and  yoL  viii,  p.  167 ;  and  letters  f^om  Mr.  Alexander  Murray  in  the 
HataraliBt»  yoL  Yiii,  p.  120,  Feb.,  1874. 
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we  will  designate  as  No.  10)  was  taken  from  the  atomacii  of  a 
aperm  whale.  The  upper  jaw  of  the  latter  was  imperfectly  fig- 
ured by  Dr.  Packard  in  his  article  on  this  subject*  It  is  the 
largeet  jaw  yet  known.  These  belong  to  an  apparently  unde- 
■onbed  .species,  which  I  propose  to  name  ArchiUuthis  prinixpi,\ 
"and  shall  describe  more  inily  laTtlier  oo. 

The  Bocond  q>eaiea,  whksli  I  consider  idmtieal  with  A«  iltdU- 
tod/lit  monat^u  of  Steenstnip,  is  repneented  bj  p«tt«  of  time 
individaaU,  and  eeema  to  be  tbe  speoieB  moBt  oommoDlj  ehI 
with  OB  the  ooBstfl  of  Kewfoundlaod  and  Liftnadoc 

The  most  oomplete  Bpeoimen  that  baa  ever  ooma  andar  smn- 
tifio  observation  waB  oaptored  in  November,  187S,  at  Lo^ 
Bay,  near  St,  John's,  Newfoandland.    It  became  flotabf^edii  '. 
herring-neta  and  was  secured  by  the  flabemeD  with  aaaao  &A 
oul^,  and  only  after  quite  a  Htro^le,  donna:  wbiob  i(s  hml  ; 
was  badly  mutilated  and  severed  from  the  bo<^,  and  the  tym,  < 
most  of  the  fflphoD-tnbe,  and  the  front  edge  (^tae  mande  w«tt  j 
destroyed.    Fortanately  tlus  specimen  was  aeeiued  by  die  Bar.  ' 
U.  Harvey  of  St  John^a    Aftor  it  had  been  ^lioto^i^kedaad 
measured,  fae  attempted  to  preserve  it  entire  in  bnnt^  bot  ^  • 
was  found  to  be  inenectual,  and  after  deoompomtion  had  began  i 
to  destroy  some  of  the  moet  peri^able  parte,  be  took  it  tm  ' 
the  brine  and,  dividing  it  into  several  portions,  preserved  sach 
parts  as  were  still  undecomposed  in  strong  alcohol      These 
various  portions  are  now  in  my  poeaeasion,  and  with  the  pboto- 
graphs  have  enabled  me  to  present  a  restoration,  believed  to  be 
quite  accurate,  of  the  entire  creature  (plate  ii,  £g.  1).     In  thii 
figure  the  eyes,  ears,  siphon-tube,  and  nont  edge  of  the  nas&e 
have  been  restored  fk)m  a  small  squid  {Lolyo  ^cUlida),  to  which 
this  gigantic  species  seems  to  be  nearly  allied  in  many  respeda 
The  other  parts  have  been  drawn  directly  from  the  photographt 
and  specimens.! 

Mr.  Harvey  has  published  popular  accounts  of  this  specimeo 
and  the  previously  captured  arm  of  a  still  lai^ter  one,  in  tin 
Maritime  Monthly  Magazine  of  St  John,  N,  B.,  for  March, 
1674,  and  in  several  newspapers.^     To  him  we  are,  tberef(H«, 

•  Amerioan  Nrturelist,  vol  vxi,  p.  91. 

f  This  speciefl  waa  named  and  cbarmcterieed  in  a  oofnmimiratioa  made  to  tin 
Oonnecticut  Academr  of  Sdeccea,  Not.  18,  1871,  and  will  be  dMoribad  in  gnrtr 
detail  in  its  TraoBactioDB.     See  h1w>  AmeriCBn  Naturaliat,  Feb.,  18TB. 

X  The  figure  was  originally  made,  from  the  pholograpllB  onlj,  by  Ht.  P.  Rtettw, 
of  the  Museum  of  Comparative  Zoology,  but  after  Uie  arriTal  of  the  spedmnu  i 
bad  to  be  altered  io  many  parts.  These  neceasary  obangee  were  made  by  tti 
irriter,  after  a  careful  etudy  of  the  ports  preserved,  in  oompuiaon  with  the  phoM- 
graphs  and  original  measurements. 

§  Acknowledgments  are  also  due  to  Hr.  Alexander  Murray,  Prorlndal  Oect- 
ogist.  who  cooperated  with  Mr.  Harvey  in  the  eiamination  and  preaeTTation  of 
these  specimens,  and  who  has  also  written  some  of  the  accounts  of  thorn  that  bif* 
been  published.  See  also  the  American  Naturalist,  voL  viii,  p.  132,  FetonuTi 
1814;  American  Journal  of  Science,  toL  rii,  p.  160;  Naltira,  nd.  tx,  p.  SQ 
February  36,  1814 ;  and  Appleton's  Journal,  Jan.  31,  1814. 
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aainly  indebted  for  the  latest  and  most  important  additions  to 
mr  knowledge  of  these  remarkable  animals.  The  preserved 
»rts  of  this  specimen  (No.  5)  which  I  have  been  aole  to  ex- 
mine  are  as  follows :  the  anterior  part  of  the  head,  with  the 
lases  of  the  arms,  the  beak,  lingual  ribbon,  etc  ;  the  eight  shorter 
nns,  but  without  the  suckers,  which  dropped  oflf  in  the  brine, 
nd  are  now  represented  only  by  the  strong  marginal  rings ;  the 
wo  long  tentacular  arms,  which  are  well  preserved,  with  all 
he  suckers  in  place;  the  tail ;  portions  of  the  "pen"  or  inter- 
i:il  shell ;  the  ink-bag ;  and  pieces  of  the  body. 

The  general  appearance  and  form  of  this  species  *  are  well 
hown  by  plate  li.  From  the  great  size  of  the  large  suckers  on 
he  long  arms,  I  judge  it  to  be  a  male.  The  body  was  rela- 
ively  stout,  and  according  to  the  statement  of  Mr.  Harvey,  it 
?as,  when  fresh,  about  seven  feet  long  and  five  and  one-half 
eet  in  circumference.  The  "tail "  or  caudal  fin  (plate  iv,  fig. 
\)  is  said  by  Mr.  Harvey  to  have  been  22  inches  across,  but 
he  preserved  specimen  is  considerably  smaller,  owing,  un- 
loubtedly,  to  shrinkage  in  the  brine  and  alcohol.  It  is  remark- 
ible  for  its  broad  sagitate  form.  The  posterior  termination 
s  unusually  acute  and  the  lateral  lobes  extend  forward  con- 
fiderably  beyond  their  insertion.  In  the  preserved  specimen 
he  total  length,  from  the  anterior  end  of  the  lateral  lobes  to 
he  tip  of  the  tail,  is  23  inches ;  from  the  lateral  insertions  to 
;he  tip  19  inches;    from  the  dorsal  insertion  13  5  inches;  total 

*  Mr.  W.  Saville  Kent,  from  the  popular  descriptions  of  this  species,  has  seen 
It  to  give  it  new  generic  and  specific  names,  viz :  Megaloieuthis  Harveyi,  in  a  com- 
nunication  made  to  the  Zoological  Society  of  London.  March  3,  1874  (Proceedings 
SooL  Soc.,  p.  178;  see  also  Nature,  vol.  ix,  p.  376,  March  12,  and  p.  403,  March 
19).  My  identification  is  based  on  a  comparison  of  the  jaws  with  the  jaws  of  A, 
noiiadkttf,  well  figured  and  described  by  Steenstrup  in  proof-sheets  of  a  paper 
vhidi  is  perhaps  still  unpublished,  though  printed  several  years  ago,  and  referred 
k>  even  by  Harting.  Their  agreement  is  very  close  in  nearly  all  respects,  but  the 
beak  of  the  lower  jaw  is  a  little  more  divergent  in  Steenstrup's  6gure.  liis 
Qwamen  was  a  little  larger  than  the  one  here  described  and  was  ttScen  from  a 
ipeeimen  cast  ashore  in  1853.  Mr.  Kent  was  probably  unaware  of  that  speci- 
men when  he  said  (Nature,  iz,  p.  403)  that  A.  monachus  "  was  instituted  for  the 
reception  of  two  gig^tic  Cephalopods,  cast  on  the  shores  of  Jutland  in  the  years 
1639  and  1790,  and  of  which  popular  record  alone  remains.'* 

His  statement  that  ArchUeuthia  dux  Steenstrup  is  known  from  the  beak  alone 
ippears  to  be  erroneous,  for  Steenstrup,  Harting,  and  Dr.  Packard,  in  their  articles 
on  this  subject,  all  state  that  the  suckers,  parts  of  the  arms,  and  the  internal  shell 
9r  pen  were  preserved,  and  they  have  been  figured  by  Prof.  Steenstrup ;  Harting 
baa  atoo  g^ven  a  figure  of  the  lower  jaw,  copied  from  a  fig^e  by  Steenstrup. 
Bteenstrop  also  mentions  having  the  arm-hooks  (Tandvsebningen),  which  would 
indicBle  a  genua  distinct  firom  our  species ;  in  the  proof-sheets  whidi  I  have  seen, 
Oiia  qtecimen  is  referred  to  as  ^^A.  TUarij^^  but  Harting  cites  it  as  A.  dux  Steen- 
rtmp.    Possibly  two  distinct  species  are  confounded  under  this  name. 

Shodld  the  ArchUeuthia  dux  prove  to  belong  to  a  genus  distinct  from  this,  it 
■igfat  perhaps  be  teken  as  the  type  of  Architeuthia,  and  in  that  case  the  generic 
Dsme  given  by  Kent  could  be  retained,  and  the  two  species  here  described  would 
fSbmi  be  caOed  Meffoloteuffiia  monachua  and  M.  princepa^  if  my  identification  of  the 
speeies  be  oonreot 
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breiiclth  about  15  inches;  width  of  lateral  lobca  6  inchea.  TTio 
eight  shorter  arms,  when  fresh,  were,  according  to  Mr.  Harvey's 
meaauremeDts,  six  feet  long  and  all  of  equal  length,  but  tbo» 
of  the  difierent  pairs  were  respectively  ten,  nine,  eight  and 
seven  inches  in  circumference.  They  are  three-cornered  or 
triquetral  in  form  and  taper  very  gradually  to  slender  acute 
tips.  Their  inner  faces  are  occupied  by  two  alternating  rows 
01  large  obliquely  canipaniilate  suckers,  with  contracted  aper- 
tares  surrounded  by  broad,  oblique,  naarginal  rings,  armed 
with  strong,  acute  teeth  arouad  their  entire  circumference,  but 
largest  and  most  oblique  on  the  outside  {plate  ill.  fig.  10). 
These  suckers  gradually  diminish  in  size  to  the  tips  of  tha 
arms,  where  they  become  very  ama.ll,  but  are  all  similar  in 
form  and  structure.  Tlie  largest  of  these  suckers  are  said  by 
Mr.  Harvey  to  have  been  about  an  inch  in  diameter,  when 
fresh.  The  largest  of  their  mai^inal  rings  in  mv  possession  are 
"65  of  an  inch  in  diameter  at  the  serrated  eclge,  and  '75  be- 
neath. The  rings  of  the  smaller  auckera  are  more  oblique  and 
more  contracted  at  the  aperture,  with  the  teeth  more  incliued 
inward,  those  on  the  outside  margin  being  Inrgrat.  The  two 
long  tentacular  arms  are  remarkable  for  their  slendema'^  and 
great  length  when  compared  with  the  length  of  the  body,  Mr. 
Harvey  states  that  they  were  each  24  feet  long  and  2"76  inches 
in  circumference  when  fresh.  In  the  brine  and  alcohol  they 
have  shrunk  greatly,  and  now  measure  only  135  feet  in  length, 
while  the  circumference  of  the  slender  portion  varies  from  2'26 
to  3  25  inches.  Thtese  arms  were  evidently  highly  contractile, 
like  those  of  many  small  species,  and  consequently  the  length 
and  diameter  wouid  vary  greatly  according  to  the  state  of  con- 
traction or  relaxation.  The  length  given  (24  feet)  probably 
represents  the  extreme  length  in  an  extended  or  flaccid  condi- 
^on,  such  SB  usually  occurs  in  these  animals  soon  after  death. 
The  slender  portion  ia  three-cornered  or  triquetral  in  form,  witb 
the  outer  angle  i-ound,  the  sides  slightly  concave,  the  lateral 
angles  prominent,  and  the  inner  face  a  httle  convex  and  gene- 
rallv  smooth. 

The  terminal  portion,  bearing  the  suckers,  is  30  inches  in 
length  and  expands  gradually  to  the  middle,  where  it  is  4"0  to 
5  inches  in  circumference  (6  inches  when  fresh),  and  I'o  to  1"6 
across  the  iacerfece.  The  suf^ter-heRnag  portioc  may  be  di- 
vided into  three  parts.  The  first  region  occupies  about  seven 
inches,  in  which  the  arm  is  triquetral,  with  margined  lateral 
angles,  and  gradually  increases  up  to  the  maximum  size,  the 
inner  face  being  convex  and  bearing  about  forty  irregularly 
scattered,  small,  flattened,  sauccr-shuped  suckers,  attacned  by 
very  short  pedicels,  and  so  placed  in  depressions  as  to  rise  bat 
little  above  the  general  surface;     They  have  narrow  mai^nal 
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lingB,  with  the  thin  edges  nearly  smooth,  or  minutely  den- 
ticalate,  and  *10  to  *12  of  an  incn  in  diameter,  surrounded  by 
a  thick  and  prominent  marginal  membrana  These  suckers 
are  at  first  aistantlj  scattered,  but  become  more  crowded, 
finally  covering  the  whole  width  of  the  inner  face,  which 
becomes  here  1*6  inches  broad.  Scattered  among  the  suckers 
are  about  as  many  low,  broad,  conical,  smooth,  callous  verrucae, 
or  wart-like  prominences,  rising  above  the  general  surface,  their 
central  elevation  corresponding  in  form  and  size  to  the  aper- 
tures of  the  adjacent  suckera  These,  without  doubt,  are  in- 
tended to  furnish  secure  points  of  adhesion  for  the  correspond- 
ing suckers  of  the  opposite  arm,  so  that,  as  in  some  other 
f;enera,  these  two  arms  can  be  fastened  together  at  this  wrist- 
ike  portion,  and  thus  they  can  be  used  unitedly.  By  this 
means  they  must  become  far  more  efficient  organs  for  capturing 
their  prey  than  if  used  separately.  Between  these  smooth 
suckers  and  the  rows  of  large  ones  there  is  a  cluster  of  about  a 
dozen  small  suckers,  with  serrate  margins,  mostly  less  than  a 
quarter  of  an  inch  in  diameter,  attached  by  slender  pedicels. 

The  second  division,  14  inches  in  length,  succeeds  the  small 
suckers.  Here  the  arm  is  well  rounded  on  the  back  and  flat- 
tened on  the  face,  where  it  bears  two  alternating  rows  of  very 
large  serrate  suckers,  and  an  outer  row  of  small  ones  on  each 
side,  alternating  with  the  large  ones.  The  inner  edge  is  bor- 
dered by  a  rather  broad,  regularly  scalloped,  marginal  mem- 
brane, tne  scallops  corresponding  to  the  large  suckers.  On  the 
other  edge  there  is  a  narrower  and  thinner  membrane,  which 
runs  all  the  way  to  the  tip  of  the  arm.  In  one  of  the  rows  of 
large  suckers  there  are  eleven,  and  in  the  other  ten,  above  half 
an  inch  in  diameter,  but  each  row  has  at  either  end  one  or 
two  smaller  ones,  from  half  an  inch  to  a  quarter  of  an  inch  in 
diameter.  The  laivest  suckers  (plate  iv,  fig.  11,  a)  are  from 
1  to  I '15  inches  in  diameter  at  the  margin.  These  are  attached 
by  strong,  though  slender,  pedicels,  so  that  their  margins  are 
elevated  about  an  inch  above  the  surface  of  the  arm.  Each  one 
is  situated  in  the  center  of  a  pentagonal  depressed  area,  about 
an  inch  across,  bounded  by  ridges,  which  alternate  regularly, 
and  interlock  on  the  two  sides,  so  as  to  form  a  zigzag  line  along 
the  middle  of  the  arm.  These  large  suckers  are  obliquely 
campanulate;  the  marginal  ring  is  strong,  and  sharply  ser- 
rate all  around.  The  small  marginal  suckers  (fig.  11,  b)  are 
similar  in  structure,  but  more  oblique,  and  mostly  only  '3  to  '4 
of  an  inch  in  diameter ;  they  are  attached  by  much  longer  and 
more  slender  pedicels,  and  their  marginal  teeth  are  relatively 
larger  and  more  incurved,  especially  on  the  outer  margin. 
The  terminal  division  of  the  arm  is  9  inches  long.  It  grad- 
ually becomes  much  compressed  laterally,  and  tapers  regularly 
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to  the  tip,  which  xs  fiat,  hinut,  and  slightly  incurved.  Joat 
beyond  the  large  suckers,  where  this  regioo  tf^ins,  the  circtiin- 
fereoce  is  3'5  incliea  The  face  is  narrow  and  bears  a  laige 
namber  of  email  serrate  and  pedicellate  suckers,  arranged  in 
ftnir  regular  alternating  rows,  hdcI  gradually  diminishing  in  size 
to  the  tip  of  the  arm,  where  the  rows  expand  into  a  small  clus- 
ter. These  suckers  are  much  like  the  marginal  ones  of  the  pre- 
vious division,  and  at  first  are  about  "26  of  an  inch  in  diameter, 
but  decrease  to  about  '10  of  an  inch  near  the  tip  of  the  arm. 
The  color,  where  preserved,  is  pale  reddish,  with  thickly  scal- 
'tered  small  spots  of  brownish  red. 

The  form  of  the  jaws  of  this  specimen  is  well  shown  by  plate 
in,  figs.  3  and  4,  When  in  place,  these  jaws  constitute  a  poww- 
fal  beak,  looking  something  like  that  of  a  parrot  or  hawk,  ex- 
cept that  the  upper  jaw  shuts  into  the  lower,  instead  of  the 
reverse,  as  in  biras.  The  color  is  dark  brown,  becoming  almost 
black  toward  the  tip,  where  its  substance  is  thicker  and  firmer, 
and  smoothly  polisned  externally.  The  upper  jaw  (plate  in, 
fig.  3)  measures  8'85  inches  iu  total  leugth;  1  inch  in  greatest 
breadth  ;  and  2-60  from  front  to  back.  The  lower  jaw  (fig.i) 
is  8  inche.1  long,  2*7i3  broad,  and  2*65  from  front  to  back. 

The  small  squids  of  our  coast  have  a  very  similar  pair  of 
jawa.  Tliose  of  fjoUgo  pnlh'tia  Cjijate  IV,  figs.  5,  5a)  are  here 
figured  twice  the  natural  size,  for  comparison  and  to  explain 
the  terms  used  in  describing  the  large  jaws. 

The  moat  remarkable  anatomical  character  observed  in  this 
apecimen  is  found  in  the  form  and  arrangement  of  the  teeth  on 
the  "lingual  ribbon,"  or  odonlophore,  for  in  this  respect  it  difiers 
widely  from  all  other  known  Cephalopods. 

The  ordinary  squids  and  cuttle-fishes  all  have  these  teeth 
arranged  in  seven  regular  longitudinal  rows ;  those  of  the  three 
middle  rows  being  generally  two  or  three-pronged,  as  in  Loligo 
pallida  (plate  IV,  fig.  7),  while  the  lateral  rows  have  lone, 
simple,  fang-like  teeth.  But  in  this  species  (fig.  8)  the  teetn 
are  very  irregularly  scattered  over  the  surface  of  the  broad 
thin  membrane,  and  it  is  difficult  to  trace  the  rows,  if  such 
they  can  be  called,  for  the  arrangement  seems  to  be  somewhat 
in  irregular  quincunx.  The  number  of  rows,  however,  cannot 
be  less  than  twenty.  These  teeth  are  all  simple,  but  vary  con- 
siderably in  size  and  form.  They  are  all  attached  by  a  more 
or  leas  rounded,  flattened  base,  and  all  are  considerably  curved; 
some  are  broad  and  tapering;  others  are  slender  and  acute; 
but  the  different  forms  and  sizes  are  irregularly  intermingled 
across  the  whole  breadth  of  the  membrane.  Irregular  granules 
of  silica  are  also  scattered  in  great  numbers  over  the  membrane 
among  the  teeth,  and  similar  grains  are  embedded  in  the 
aembrane  lining  the  mouth.  This  peculiar  type  of  dentition 
"*•" — »  Vg  regarded  as  an  extremely  generalized  one. 
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The  portions  of  the  pen  in  my  possession  belong  mostly  to 
the  two  ends,  with  fragments  from  the  middle  r^ion,  so  that 
although  neither  the  actual  length  nor  the  greatest  breadth  can 
be  given,  we  can  yet  judge  very  well  what  its  general  form  and 
character  must  have  been.  It  was  a  broad  and  thin  structure, 
of  a  yellowish  brown  color,  and  translucent  Its  anterior  por- 
tion (plate  III,  fig.  2)  resembles  that  of  Loligo,  but  its  posterior 
termination  is  entirely  different,  for  instead  of  having  a  regular 
lanceolate  form,  tapering  to  a  point  at  the  posterior  end,  as  in 
LoUgo^  it  expands  and  thins  out  toward  the  posterior  end, 
which  is  very  broadly  rounded  or  irregularly  truncate,  fading 
out  insensibly,  both  at  the  edges  and  end,  into  soft  membrana 
The  anterior  end,  for  about  an  inch  and  a  half,  was  rapidly 
narrowed  to  a  pen-like  point,  as  in  Loligo ;  from  this  portion 
backward  the  width  gradually  increases  from  1*2  inches  to  5 
inches,  at  a  point  lb  inches  from  the  end,  where  our  specimen 
is  broken  on;  at  this  place  the  marginal  strips  are  wanting, 
but  the  width  is  6  incnes  between  the  lateral  midribs  (d,  df\ 
which  were,  perhaps,  half  an  inch  from  the  mai^n.  Along  the 
center  of  the  shell,  there  is  a  strong,  raised,  rounded  midrib, 
which  fades  out  a  short  distance  from  the  posterior  end,  but  is 
very  conspicuous  in  the  middle  and  anterior  sectiona  On  each 
side  of  the  midrib  is  a  lateral  rib  of  smaller  size.  These  at 
first  diverge  rapidly  from  the  central  one,  and  then  run  along 
nearly  parallel  with  the  outer  margin  and  about  4  of  an  inch 
fiom  it,  but  beyond  11  inches  from  the  point  the  margins  are 
torn  ofiT.  Like  the  midrib  the  lateral  ribs  gradually  fade  out 
before  reaching  the  posterior  end ;  near  the  place  where  they 
finally  disappear,  they  are  about  six  inches  apart. 

The  pen  of  our  Archtteuthis  seems  to  resemble  that  of  the 
ancient  genus  Teudopsis,  found  fossil  in  the  Jurassic  formations. 

From  the  above  description  it  will  be  seen  that  the  most 
important  and  most  characteristic  features  of  this  species,  or 
ratlier  of  the  genus  to  which  it  belongs,  are  to  be  found  in  the 
Ungual  dentition^  in  the  internal  shelly  in  the  form  of  tite  cavdal- 
fins,  and  in  the  cluster  of  small  suckers  and  tubercles  on  the 
long  arms.  As  already  stated,  the  drst  three  of  these  peculiari- 
ties indicate  a  low  or  generalized  structure,  and  therefore  a 
low  rank  in  our  system  of  classification,  unless  it  should  be 
found  to  have  some  other  characters  not  yet  known  and  of 
CTeater  importance,  which  might  outweigh  those  here  given. 
It  will  appear,  therefore,  that  this  genus  of  huge  sauids  should 
be  classea  below  Loligo,  which,  in  its  turn,  would  go  below 
OmmastrepheSj  to  which  genus  the  common  small  s(juids  of  our 
northern  coasts  belong,  for  the  latter  genus  has  distinct  eyelids, 
which  are  not  found  in  Loligo,  and  the  internal  shell  is  also 
more  specialized. 

Ax.  JouB.  Soi.— Third  Sbribs,  Vol.  IX,  No.  50.— Feb.,  1875. 
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I  have  received  through  Professor  Baird,  of  the  Smithsonian 
InBtitution,  a  pair  of  jaws  and  two  large  suckers  of  the  lon^ 
arms,  which  were  taken  from  a  specimen  (No.  4),  cast  ashore 
IE  Bonavista  Bay,  Newfoundland.  These  jaws  agree  precisely 
in  form  and  size  with  those  described  above,  so  that  the  size  of 
these  two  individuals  musl  have  been  about  the  sam&  The 
suckers  (plate  it,  fiea.  12,  13)  liad  been  dried,  and  have  lost 
their  true  form,  but  the  marginal  rings  are  perfect,  and  only  ^ 
of  an  inch  in  diameter,  and  though  somewhat  smaller  than  io 
the  specimen  just  described,  they  have  the  same  kind  of  dec- 
ticulation  around  the  margin.  Their  smaller  size  may  indicate 
that  the  specimen  was  a  female,  but  they  may  not  have  been 
the  largest  of  those  on  the  arm. 

ExFIJItATIOM  OF   PLAtsa 

Plate  a. — Figure  1.  ArthUaiOiii  niotmcAtu  Sleenstrnp  (No.  6);  -^t  natural  sue. 
Plate  m, — Figora  2,  Anterior  part  of  the  "  pen  "  ol  the  same ;  t  natural  aiie.    Tb> 
dotted  lines  indicate  porta  that  are  wanting. 

Fignra  3.  Upper  jaw  at  the  name ;  ontural  size. 

Impure  i.  Lower  jaw  of  the  same,  lacking  a  Bmoll  piece  at  a. 
Plate  IT. — Figures  6  and  5a   Jbhb  of  Jjiligo  pallida ;  a,  the  roatrum  or  beak ;  o  i. 
the  cutting  edge,  with  a  nott^  at  fr ,'  be,  the  anterior  edge  of  tha  ilf 
or  winga;  if,  tlie  (rontal  lamina  in  the  upper  Jaw,  or  diin-portioti 
(inmhitn)  in  the  lower  jaw ;  e,  the  palatine  lamina  in  the  upper  jaw,    I 
or  gular  lamina  in  the  lower  jaw ;  twice  the  natural  aim. 

Figure  S.  Part  of  the  lingual  ribbon  of  A.  monattius;  enlarged. 

Flgtire  7.  IHtto  of  LotifopaBida;  mucb  more  eoUigad. 

Figure  8.  Ditto  of  Lol^  Bartingii,  oopled  from  Hartius;  enlarged. 

Figure  9.  Okodal  fin  of  A.  monadvtt  (Ko.  S);  i^  naturml  die. 

Figure  10.  ICarginal  ring  of  a  auder  from  ooe  of  Ae  seeaile  anm; 
•nlarged  tiro  diutMten. 

Figure  11.  a,  A  large  aucker ;  and  b.  a  small  margiiMl  mober  from  tbi 
tenteoular  ama  of  fame ;  natural  keo. 

Figure  IS.  lArge  aucker  horn  tenlaoular  aim  <^  No.  4 ;  nelnrtl  dn. 

ngnre  13.  Part  of  tbe  marginal  ring  of  the  Mine;  enlarged. 
[To  be  continued.] 


Abt.  XVTL — On  the  MechariKal  Work  done  by  a  Afttxle  b^n 
Ibskawtion ;  bv  F.  E.  Niphkb,  Assistaut  Profeasor  of 
Physics  in  Wasniagtoo  University. 

Thb  work  done  by  a  muBcle  may  be  classed  under  two 
beads :  Ist  The  exerting  of  any  force  (F)  through  any  distance 
(D).  To  distinguish  this  kind  of  work  from  the  other,  we  may 
call  it  dynamical  work.  It  ia  measured  by  the  product  ED. 
2d.  Suppose  an  experimenter  to  hold  a  weight  on  bis  out- 
stretched arm,  and  suppose  furthermore  that  the  experimenler 
IB  one  of  the  weights  of  a  large  Atwood's  machine,  and  is 
moved  vertically  with  an  accelerated  motion.  The  dynamical 
work  done  by  the  arm  before  exhaustion  is  easily  obtained 
ftom  Uie  equations  of  dynamics.     If  now  the  acceleration  be- 
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38  zero,  and  the  weight  be  simply  held  on  the  arm  at  a  con- 
;  level,  the  arm  very  soon  tires,  showing  that  work  is  still 
1.  This  kind  of  work,  which  Pro£  Haughton  has  called 
ticar'  work,  is  purely  molecular,  and  we  hope  to  be  able 
low  that  it  may  be  referred  to  and  easily  measured  by  the 
lary  unit  of  mechanical  work — the  kilogram-meter. 

the  supposed  case,*  if  the  acceleration  becomes  negative, 
ime  of  latigue  increases,  until  for  an  acceleration  of  minus 
he  time  required  to  wholly  fatigue  the  arm  is  infinite, 
lese  considerations  show,  not  only  the  reality  of  "  statical" 
:,  but  also  that  it  is  an  important  element  m  all  kinds  of 
jular  work. 

I  the  unit  of  statical  work,  we  shall  adopt  the  work  done 
le  horizontally  outstretched  arm  in  sustaining  a  weight  of 
cilogram  for  one  second  upon  a  lever-arm  oi  one  meter, 
work  is  evidently  equivalent  to  the  lifting  of  this  same 
ht  through  a  certain  height 

}  the  unit  of  dynamical  work,  we  shall  take  the  dynam- 
york  done  by  the  horizontally  outstretched  arm,  in  lifting 
ight  of  one  kilogram,  through  a  height  of  one  meter,  with 
xjeleration  of  one  meter  per  second,  on  a  lever-arm  of  one 
r.  The  solution  of  the  problem  evidently  consists  in  find- 
he  relation  between  these  two  units. 

1871  I  published  two  series  of  experiments  on  this  sub- 
\  which  consisted  in  lifting  a  weight  w  through  a  height 
a  time  /,  the  intervals  t  being  separated  by  ec[nal  intervals, 
ig  which  the  weight  was  allow ea  to  drop,  being  caught  on 
ihion  attached  to  the  leg.  In  one  series  w  was  made  varia- 
in  the  other  series  t  varied.  These  experiments  were  re- 
jd  by  Mr,  Haughton,  and  in  spite  of  my  warnings  in  regard 
e  inaccuracy  of  the  method,  ne  has  given  them  a  "tneo- 
ar'  reduction  in  his  Principles  of  Animal  Mechanics; 
Ion,  1878,  pp.  462  and  475. 

order  to  eliminate  the  fntiffue  caused  by  the  downward- 
^ing  weight,  the  apparatus  shown  in  figs.  1  and  2  was  de- 
l.  B  is  a  shelf  armed  with  a  plate  of  car-spring  caoutch- 
for  the  support  of  the  weight  This  shelf  is  fastened  by 
ron  bands  1  and  a  vertical  back-piece  V,  to  the  slide  tf, 
r  further  supported  by  a  cross-piece  P.  By  usin^  suitable 
:s,  G,  the  slme,  may  be  raised  to  any  desired  height,  which 
it  is  read  off  on  a  scale  marked  on  the  upright  pieces  A. 
used  as  a  support  for  the  arm  during  the  interval  of  rest, 
it  can  be  adjusted  to  any  desired  height  S  (fig.  2)  is  a 
ontal  string  attached  to  the  wire  K,  and  to  the  waU  of  the 

e  hope  soon  to  be  able  to  commence  the  series  of  experiments  here  indi- 
the  apparatus  for  which  has  been  already  devised, 
inrichs'  "School  Laboratory."     1871.    p.  108. 
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room.  R  is  an  iron  rod  for  boldiog  the  apparatus  in  position. 
The  weight  is  a  bucket  of  shot,  provided  with  a  stiff  t»il  and 
woodcQ  handle,  so  that  during  the  lifting         __  .  _, . 

of  the  weight  the  line  passing  through  i 
the  center  of  the  hand  and  the  center  | 
of  gravity  of  the  weight  is  a  vertical. 
The  experimenter  stands  to  the  right  of 
the  apparatus  (as  in  fig.  2)  and  lit^  the 
weight  from  the  shelf  B  until  his  knuck- 
les touch  the  cord  &  (Back  of  hand  | 
turned  upward.)  The  beginning  a 
close  of  this  interval  of  work  is  marked  | 
by  the  sharp  click  of  a  metronome,  the 
time  of  whose  beat  is  t.  At  the  instant  | 
when  the  weight  has  reached  the  high- 
est point,  it  is  grasped  by  an  assistant 
and  lowered  to  the  shelf,  the  arm  of  the 
experimenter  being  wholly  relaxed,  and 
resting  upon  the  stiH'  bail  of  the  bucket  and  the  support  D, 
The  arm  of  the  experimenter  moves  in  the  vertical  plane  which 
makes  an  angle  of  45°,  with  the  vertical  plane  passing  through 
the  centers  of  the  shoulder  joints. 

This  process  is  kept  up  until  the  arm  can  no  longer  lift  the 
weight  to  the  required  height.  The  determination  of  the  num- 
ber of  lifts,  n,  should  iieivr  be  made  bv  the  experimenter,  who 
should,  furthermore,  try  to  lose  all  estimate  of  time  during  tbe 
process.  Only  in  this  way  can  the  inind  be  kept  unbiased.  fi> 
that  the  determinations  are  indc|)Ciidont  of  each  other. 

In  the  earlier  expenmcntp  it  became  evident  that  the  ami 
not  only  grew  gradually  stronger,  but  also  that  it  varied  ex- 
ceedingly in  strength  from  day  to  day.  In  order  to  get  some 
measure  of  the  strength  of  the  arm,  I  exhausted  the  arm  eaeh 
day  of  experiment  with  a  5  0  kgrs.  weight,  and  reduced  all  of 
the  experiments  to  the  mean  strength,  as  shown  by  the  con,>itaiit 
experiment.  In  this  series,  a  weight,  «>,  was  lilted  througb  a 
height,  h  =0'70  meters,  in  a  time,  (,  of  1-25  sec.  The  inter\-al  of 
rest  was  also  l-2o  sec  The  ext>eriments  were  so  arranged  as 
to  make  the  constant  experiment  come,  alternately,  at  11  A.  U 
and  4  P.  M.,  the  other  experiments  alternating  in  like  manner. 
The  weight,  w,  was  changed  each  day  of  experiment,  so  tli;it 
in  the  table  below  the  numbers  on  the  horizontal  lines  are 
arranged  as  observed,  the  order  of  time  being  indicated  by  the 
indices  in  the  first  vertical  column. 

The  columns  headed  c  are  the  number  of  lifts  n'  for  the  cod- 
stant  experiment  io=5-00.  T!ie  mean  value  of  c  for  the 
weights  3-0,  3  5.  etc.,  7-5.  in  all  100  experiments,  is  35-79.  The 
determinations  of  n  for  m'=7-5  and  8"0  were  consciously  bad. 
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u  the  arm  was  uaable  to  manage  such  weights  at  such  velocity, 
so  tbat  I  was  obliged  to  stop  bejbre  the  arm  was  exJiaualed,* 
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« values  of  n'  for  to<3-00,  were  also  rejected  in  the  calcu- 
^^be  constants,  as  with   such   lijrht  weights  the  work 
|HpIy  with  a  slijHit  variation  of  strength.      [This  will 
7  discussed  hereafter.]     Taking  the  constant  c  as  the 
measure  of  the  strength,  and  assuming  that  the  work  done  with 
any  weight  at  different  times  is  proportional  to  the  strenpth, 
(wnich  we  will  show  to  be  true  for  the  weights  not  rejected), 
and  we  have 
Calling  n'=  observed  Dumber  of  lifts  before  exhaustion, 
and  n=the  same,  reduced  to  the  basis  the  mean  strength  3S'79 
36-79  , 


from  which  formula  we  have  the  following  values  of  n.    The 
mean  values  of  n  are  given  in  the  eleventh  line,  and  the  prob- 
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7« 

M) 
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3n4 

.    153'S  B5-8'  67-2.  61'2 


■Thii  point  IB  Important.    Try  to  lift  SO  kp*  in  8  secood  through  0-70  m 
Too  wfU  tkil  to  lift  it  onoe,  anil  ytt  nut  be  eihaatled.     Tho  quofltiOD  of  tnu 
TriocitT  attainable  with  diflereut  weights  is  wholly  different  from  the  one  under 
noaideration.     I  tbijik  Ur.   IlaughtoD  has  overlooked  this  influence  on  bis  own 
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able  error  {e)  of  this  mean  is  given  in  the  twelfth  line,  and  is 

calculated  from  the  formula  e=S\/  J-       '-,     where    v  =  the 

*    o{t>— 1) 
number  of  observations  and  d=  difference  from  the  mean. 

Aasmning  the  arm  to  be  a  uniform  cylinder,  and  denoting 
bj  «  one-half  the   weight  of  the  arm,   and  we   have  for  any 
weight  w;  the  total  dynamical  work  done  before  exhaoation. 
Total  work  =(w+«)A.  w.       .         .  (1) 

The  value  of  a  can  be  determined  by  direct  weighing,  as  fol- 
lows :  Exhaust  the  arm  thoroughly,  then  holding  it  in  the  some 
position  aa  when  lifting,  extend  the  arm  horizontally,  resting 
the  hand  in  the  scale-pan  of  a  apnug  balance,  the  dial  of  whieli 
is  turned  from  the  experimenter.  The  reading  off  dI  the  weight 
is  done  by  an  assistant.  After  a  few  mmutes  the  muscles  tire 
so  that  a  practical  experimenter  can  then  gradually  relax  tbem 
fully.  Untrained  muscles,  when  thus  tried,  act  involuntarily, 
and  precise  results  can  not  be  obtalneil.  The  value  of  a  was 
thtiB  determined  twenty  times,  the  values  being  here  given. 
°  (°b».) 

1-48  l-4a  1'63  1-42  I '46 

1-42  1'58  1-4-2  1-48  1-40 

1-42  1-52  1-48  l-fiS  1  SO 

1-60  1-4B  l-e2  l-fiS  1-67 

a=i-fiO 
The  mean  ia  1-50  kgr,   with  a  probable  error  of  0-01  kgr. 
Hence  (calling  the  total  work=W),  (1)  becomes 
W={«i+1-6())0-70m, 
Coordinating  the  values  of  W  and  w  and  the  relation  appears 
plainly  hyperbolic    Hence  the  two  most  probable  cases  are 

(w+a)An=^-^V    (2)  ^^^ 

(«+«)An=-^  (3) 

where  e  and  v  are  constants. 
From  these  we  readily  have 

\og(u,+a)+]ogn=k'-V\og{w-\-a) (4) 

log  {«+«)+log  n=ft- 0  log  w (5) 

These  equations  are  of  the  form  y=k+vx. 
where  y  and  x  can  be  determined  from  the  observations.    Thej 
are  given  in  the  table  below. 

Tnese  values  of  x  and  y  for  eq.  (4)  and  (6)  are  coordinated  on 

the  chart  and  a  straight  line,  drawn  as  nearly  as  possible  througb 

,^^  .the  points,  shows  the  tiiDctioDs  to  be  linear  in  each  case,    v  is 
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I  change  in  y,  for  each  unit  of  change  in  x,  and  is  for  eq.  (4), 
8.     For  eq.  (5)  it  is  1*99,  which  is  essentially  2*0. 


(w+a) 

11 

logw 

log(w+a) 

logfi    ( 

logi»+a)+logn 

4-6 

152*5 

0-4771 

0-6582 

2-1888 

2'8365 

6-0 

95-8 

0-5441 

0-6990 

1*9814 

2-6804 

5-5 

67-2 

0*6021 

0*7404 

1-8274 

2-5678 

6-0 

51-2 

0-6582 

0-7782 

1-7098 

2-4875 

6-5 

86*9 

0*6990 

0-8129 

1-5670 

2-8799 

7-0 

28*6 

0-7404 

0*8461 

1*4564 

2-8015 

7-5 

22-7 

0-7782 

0*8761 

1*8660 

2-2381 

8-0 

18-1 

0*8129 

0*9081 

1*2577 

2-1608 

8-5 

14-5 

0-8451 

0*9294 

1-1614 

2-0908 

&.S  will  be  hereafter  shown,  the  observations  are  most  nearly 
)resented  by  eq.  (8).  It  is,  however,  impossible  to  decide  be- 
een  equations  (2)  and  (8)  with  absolute  certainty,  until  the 
periments  are  repeated  with  other  values  of  h  and  t  For 
3  present  we  assume  the  equation 


(tr+a)Af?=— J 


w* 


(«) 


m  which  we  readily  have     t^'Aw=c— aw*An, 
lich  is  of  the  form  of  ymc+orw. 

By  the  method  of  least  squares,  the  values  of  the  constants 
3  more  accurately  determined,  and  are  found  to  be 

a=l-62  c=42-61. 

Solving  (6)  for  n,  and  substituting  the  proper  values,  and  we 
.ve  the  following  comparison  of  the  observed  and  calculated 
lues  of  n.  Sn  is  n  (calc.)  — n  (obs.).  e  is  the  probable  error  of 
[obs.),  also  in  per  cent 


1 


to 

n  (obs.) 

n  (calc.) 

^OO 

«0O 

2*50 

283 

242 

—14-4 

7-6 

3*00 

162-6 

150-3 

-   1-4 

8-7 

3-50 

95*8 

99-4 

+   3-6 

3-6 

4  00 

67*2 

69-2 

+  2-9 

2*9 

4-50 

61-2 

50-1 

—   2*1 

8-3 

5-00 

36*9 

37-4 

+   1-8 

2-4 

6-50 

28*6 

28-7 

+  0-3 

2*9 

6-00 

22-7 

22-5 

-   0-9 

1*8 

6*50 

18*1 

180 

—  0*5 

1*1 

7-00 

14-5 

14-6 

+   0*7 

0-7 

7-50 

10-4 

11-9 

--14*4 

0*9 

8*00 

7-7 

9-9 

--28*6 

5*2 
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The  comparison  of  the  calculated  and  observed  values  of  n  is 
yery  satisfactory.  This  is  shown  graphically  on  the  chart,  the 
small  circles  representing  the  observations.  The  values  oiSn, 
with  the  proper  sign,  tire  also  there  repreaeuted  by  the  brokea 
dotted  line,  the  zero  line  being  the  horizontal  nne,  which  it 
repeftCedlt' crosses.  Th«  ohaecved  value  uf  <*  is  160.  Tlie 
oalculated  valae  ia  L  62.  Tbe  difference,  0-02  kgr.,  being  IS 
per  cent  of  a  observed. 

Instead  of  e^.  (6),  Prof.  BangbtoD  has  found  the  relation  for 
the  case  here  discussed,  to  be  represented  by  the  eqaation.* 

(»+«)««=A (?) 

where  for  my  right  arm  he  finds  tbe  values  of  the  constaDts  to 
be  A  =  1000  and  a=XO.  The  experiments  from  which  this 
formula  was  obtwned  are,  as  before  said,  unreliable,  and  the 
oalculated  value  of  a  is  83  per  cent  less  than  the  observed 
value.  This  relation  would  also  demand  that  v',  in  equatioA 
(2),  should  equal  unity.     It  was  found  to  be  2'58. 

In  order  to  test  the  matter,  experimentally,  I  performed  two 
experiments  as  follows: 

1.  The  arm  alone  (u'=0)  was  lifted  tbrougli  90'  (from  verti- 
cal to  horizontal)  in  the  time  1-25  seconds,  the  experiments  be- 
ing conducted  exactly  as  described  in  my  later  experiments. 
According  to  (7)  for  complete  exhaustion  n^lOOO 

*PrindplM  of  Animal  MeohMiies.    London,  1873.    p.  463. 
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The  arm  was  lifted  2000  times  im'thout  feeling  any  appreciable 
exhaustion, 

2.  A  weight  ti;=050  kgr.  was  lifted,  as  before,  except  that 
the  weight  was  allowed  to  drop  during  the  interval  of  rest,  as 
in  my  eariier  ezi>eriment& 

It  tpos  hfted  1600  times  with  very  little  of  fatigue. 

AeoordiDg  to  (7)  for  complete  exhaustion  /}=    440 
«     (6)       "  "  w=  12000 

In  the  latter  case  the  time  of  exhaustion  would  be  8^^  hours. 
The  work  done  before  exhaustion  would  be  17,000  kgr. -meters. 
The  dailjf  labor  of  a  working  man  is  about  100,000  kgr.-meters. 
Considenng  these  facts,  and  also  the  slight  fatigue  experienced 
by  me,  in  experiment  2,  I  am  convinced  that  my  arm  could 
work  8.  houra  and  2P  minutes  at  the  above  rate,  care  being 
taken  to  avoid  fatigue  from  other  sources  (standing  on  the 
feet  in  one  position,  etc.).  It  would,  however,  be  a  dangerous 
experiment 

Experiment  2  was  also  performed  with  a  time  <=1164  (the 
time  taken  in  my  earlier  experiments,  reduced  by  Prof.  Uaugh- 
ton)  with  the  same  result 

This  experiment  also  shows  that  eq.  (2)  does  not  represent 
this  kind  of  work,  for  we  deduce,  from  the  chart,  for  the  values 
of  the  constants 

.     .     ,-  21240 

^     '     '  (tr-|-a)*  ^® 

making  tt;=0'5,  and  we  have  (since  a=l*5  and  A=0*7^  w=- 
2500.  The  arm  would  be  exhausted  for  2500  lifts,  which  is 
hardly  possible 

Anyone  who  will  take  the  trouble  to  coordinate  the  corre- 
sponding values  of  c  and  n'  as  given  in  the  first  table,  will 
see  cleany  that  we  were  justified  in  retaining  those  values  of  n , 
and  only  those,  which  we  there  reduced.  Each  curve,  however, 
gives  evidence  of  the  fact,  that  for  any  weight,  n  varies  as 
some  power  of  the  strength. 

We  have  made  several  series  of  experiments  to  investigate 
this  point,  determining  the  strength  {s)  of  the  muscle,  by  means 
of  a  dynamometer.  Calling  r,  the  time  of  exhaustion  I  have 
found  that  T=a(«— /?)^ 

where  v  is  a  function  of  the  weight,  a  and  fi  being  also  con- 
stant for  the  same  weight  K  the  dynamometer  really  gave 
the  absolute  strength  of  the  muscle,  P  would  be  equal  to  w. 
Precise  values  of  these  constants  have  not  yet  been  obtained, 
and  we  therefore  decline  to  discuss  this  equation  any  farther  at 
present  ^ 

St  Louis,  Oct  31,  1874. 


188  iScientific  TnteUigence, 

SCIENTIFIC    INTELLIGENCE. 

L  Chemistky  and  Physics. 

1.  Constitution  of  Sulphurous  Acid  and  Sulphites, — Michaelib 
and  Wagxeu  have  made  some  experimeDts  to  determine  whether 
sulphurous  acid  possesses  the  constitution  assigned  to  it  by 
Strecker,  II.SOj.OH,  or  has  the  more  usual  formula  HO. SO. 
OH.  Since,  if  the  former  formula  be  correct,  the  two  hydrogen 
atoms  have  different  positions  in  the  molecule,  it  is  obvious  tnat 
the  replacement  of  one  of  them  by  another  atom  or  atomic  group 
must  give  rise  to  two  isomers ;  while  only  one  compound  is  posni- 
ble  when  they  are  both  replaced  by  the  same  raaicaL  By  this 
reasoning,  only  a  single  ethyl-ether  of  sulphurous  acid  can  exist, 
its  formula  being  CgH^  .  SO,  .  OC^H^.  feut  in  fact  two  bodies 
having  the  composition  of  ethyl  sulphite  are  known ;  one  boiling 
at  161°  and  the  other  at  207°.  The  former  is  the  true  ethyl-etber 
of  sulphurous  acid.  The  latter,  prepared  by  the  action  of  sodiom 
ethylate  upon  ethyl-sulphon-chloride,  must  from  its  mode  of  prepa- 
ration be  C2H5 .  SOj  .OC,U..  Since  the  two  bodies  are  not 
identical,  it  follows  that  the  only  possible  formula  for  the  former  is 
CjHjO .  SO.  OCjHg,  corresponding  to  an  acid  of  the  formula 
HO.  SO.  on.  This  view  the  authors  confirmed  by  acting  with 
phosplioric  chloride  upon  the  sulphurous  ether  produced  when  sul- 
phur chloride  acts  on  alcohol.  Ethoxyl-thionyl  chloride,  CI.  80^ 
OCjjTlfi,  was  obtained;  and  this,  as  shown  by  Carius,  tor  thionyl 
chloride,  treated  with  alcohol,  \  ields  ethyl  sulphite.  This  result 
proves  that  the  equivalence  of  sulphur  is  different  in  sulphuric 
and  sulphurous  acids,  being  in  the  latter  a  tetrad. — £er.  Berl, 
Cht'in,  (jts.,  vii,  I (►73,  Sept.,  1874.  G.  F.  B. 

2.  Oft  the  On/iffu'c  aciih  of  crude  Petroleum, — Hell  and 
MKniNi;KK  have  examined  an  acid  liquid,  obtained  by  agitating 
the  second  running  (specific  gravity  0*875)  in  the  distillation  of 
heavy  Wallachian  petroleum  with  caustic  soda,  and  treating  the 
flocculent  [)recipitate  thus  formed,  after  solution  in  water,  with 
sul[>huric  acid.  This  oily  acid  liquid,  which  collects  on  the  sur- 
face, called  mineral  oil  acid  by  the  workmen,  is  a  mixture  of  prob- 
ably homologous  acids,  whose  separation  was  exceedingly  difficult, 
fractional  precipitation  yielding  semi-fluid  products,  and  distilla- 
tion producing  decomposition.  Finally,  an  ethyl-ether  boiling 
constantly  at  'J:^(»""^-*J40\  was  obtained  as  a  colorless  oily  liquid, 
hiirhlv  refractive,  and  havini;  an  avjreeable  fruit v  odor  and  bum- 
ing  ta^te.  I'pou  saponitication.  and  subsequent  decomposition  by 
sulphuric  acid,  a  colorless  aciil  of  <|Hvitic  gravity  0*982  at  0**  was 
obtained,  which  Kiuled  Ci»nstantly  at  *2o8^-261**  without  decompo- 
sitiiMJ.  It  i^  a  weak  acid,  its  ammonium  s:ilt  being  decomposed 
by  water  in  excess.  The  sodium  and  potassium  salts  closely  re* 
semhle  soft-soap<  anil  could  not  be  obtained  in  the  solid  form. 
Analv^iis  gave  as  the  |»robaMe  molecular  formula  of  the  acid 
C,  |l^a»>^^«-     ^^*  reactions  show  that  it  does  not  belong  to  either 
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of  the  three  series  of  fatty  acids  at  present  known,  and  the  authors 
believe  it  to  be  a  member  of  a  new  series  characterized  by  a  pecu- 
liar mode  of  union  of  the  carbon  atoms. — JBer,  BerL  Chem.  Ges.y 
Tii,  1216,  Sept.,  1874.  g.  p.  b. 

3.  On  the  IHrect  Synthesis  of  Methyl  aldehyde, — Brodik  has 
encceeded  in  effecting  a  direct  synthesis  of  methyl  aldehyde  by 
passing  the  induction  spark  through  a  mixture  of  carbonous  oxide 
and  hydrogen.  In  his  earlier  experiments,  in  which  equal  (or 
nearly  equal)  volumes  of  the  two  gases  were  used,  the  only  other 
product  obtained  was  marsh  gas ;  and  this  equally  whether  car- 
Donous  oxide  or  carbon  dioxide  was  used.  By  a  modification  of 
the  conditions  of  the  experiment  with  carbon  dioxide,  he  has 
effected  the  expected  synthesis,  the  188*6  volumes  of  gas  remain- 
ing after  the  removal  of  the  nitrogen,  oxides  of  carbon,  and  a 
trace  of  oxygen,  being  composed  of  18.s*2  of  hydrogen,  02  of 
marsh  gas  and  5*2  of  methyl  aldehyde.  This  latter  amount  be- 
ing equivalent  to  2  70  per  cent.  The  reaction  appears  to  be  as 
fouo  ws : 

CO,+(H,),=COH,H.H,0 

Brodie  believes  that  methyl  aldehyde  was  formed  in  his  former 
experiments,  but  was  subsequently  decomposed  thus : 

(C0H3)a=C03+CH^ 

Ann,  Ch,  Pharm.,  clxxiv,  284,  Nov.,  1874.  g.  f.  b. 

4.  Synthesis  of  an  Isomer  of  Cane-sugar, — The  relation  of  the 
slucoses,  or  simple  sugars,  to  the  saccharoses,  or  compound  sugars, 
IS  very  obvious  from  their  formulas ;  two  molecules  of  the  former 
by  the  loss  of  a  molecule  of  water  bein^  united  into  one  molecule 
of  the  latter.  While  it  is  quite  possible  by  means  of  ferments, 
acids,  and  the  like,  to  reverse  this  operation  and  produce  the  sim- 
ple sugars  from  the  compound  ones,  it  has  not  hitherto  been  possi- 
ble to  build  up  the  latter  from  the  former.  Gautier  has  now 
sacceeded  in  withdrawing  a  molecule  of  water  from  two  molecules 
of  dextrose,  one  of  the  simple  sugars,  and  thus  forming  a  body 
having  the  composition  of  a  compound  sugar.  The  result  was 
effected  by  dissolving  perfectly  pure  dextrose  in  nearly  absolute 
alcohol,  cooling  the  solution  by  means  of  ice,  and  then  passing 
?ery  slowly  through  it  a  current  of  dry  hydrochloric  acid  gas. 
After  saturation,  the  liquid  is  evaporated  in  a  vacuum,  neutralized 
by  barium  carbonate  and  hydrate,  treated  with  strong  alcohol, 
again  evaporated,  treated  with  ether  to  remove  a  bitter  substance, 
and  finally  dried  in  vacuo  at  100**.  A  colorless  body  is  thus  ob- 
tained, analogous  to  gum  and  dextrin  in  appearance  and  taste, 
very  soluble  m  water,  and  very  hygroscopic.  Upon  analysis,  its 
Gomposition  was  found  to  be  C^j^H^a^i  r  ^^  ^^^  ^^  sweet  taste, 
is  not  precipitated  b^  ammoniacal  lead  acetate,  reduces  the  cop- 
per test  only  with  difficulty  and  is  dextrogyrate.  It  is  not  fer- 
mentable, and  is  decomposed  again  on  heating  its  aqueous  solu- 
tion to  160°,  into  two  molecules  of  a  simple  sugar;  but  this  sugar 
appears  not  to  be  identical  with  the  primitive  dextrose,  but  to 
be  analogous  though  not  identical  with  inosite,  redwcm^  \\i^ 
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copper  test  but  Dot  being  fermentabla    The  anthor  enggeets  that 
the  acetylio  derivative  of  dextrose  obtained  by  SchHtsenberg^ 

C| 2^  1 4(^*2^8^)8^1 19  ^  ^^^  ootacetylic  derivative  of  this  new 
compound. — JBulL  JSoc  Ch.^  II,  xxii,  145,  Sept.,  1874. 

6.  On  Maitose. — Schuleb  has  re-investigated  and  confirmed  tli« 
statement  of  O'Snllivan  that  the  action  of  malt-extract  npw 
starch  produces,  not  dextrose  as  had  been  supposed,  but  a  conh 
pound  sugar  having  the  formula  CiyH,,Oi|,  which  he  called 
maltose.  This  sugar  reduces  the  copper  test  only  two-thirds  ss 
actively  as  dextrose,  but  possesses  a  much  ereater  rotatory  power. 
Schuke's  experiments  were  conducted  with  diastase,  precipitin 
from  malt-extract  by  alcohol  Starch  paste  treated  wiUi  this,  at 
a  temperature  of  60r,  was  rapidly  saccharified.  After  concentra- 
tion and  nredpitation  of  the  dextrin  bv  alcohol,  the  solution  was 
evaporatea  to  a  syrup  treated  with  alcohol,  tixe  dear  solntioa 
poured  off  and  evaporated  over  sulphuric  acid*  Crrstals  fint 
appeared  on  the  walls  of  the  vessel,  and  finally  the  whole  solidi- 
fied to  a  crystalline  mass.  Recrystallised  from  water  or  alcohol, 
maltose  retains  crystal  water,  which  is  readily  given  up  at  100^ 
In  appearance,  maltose  resembles  dextrose  but  is  distmguished 
from  it  by  its  composition,  its  reducing  power,  and  its  action  on  a 

Solarized  ray.     By  boiling  with  dilute  acids  it  is  converted  into 
extrose.    It  is  therefore  an  intermediate  product  between  dex- 
trin and  dextrose. — JBer,  Berl  Chem,  OeB,y  vii,  1047,  Sept,  1874, 

G.    F.   & 

6.  Si/nthesis  of  Zeiicic  acid  by  means  of  Us  Nitrile, — Erlex- 
METBB  and  SiGEL,  by  acting  on  amyl  aldehyde — obtained  from 
the  alcohol  produced  by  fermentation — with  hydrocyanic  acid, 
have  produced  the  true  nitrile  of  leucic  acid,  aa  a  colorless,  peca- 
liarly  smelling  oil,  insoluble  in  water.  It  cannot  be  distilled, 
being  decomposed  into  the  bodies  from  which  it  was  formed. 
Potassium  and  sodium  hydrates  also  decompose  it  similarly. 
Analysis  gave  it  the  formula  CgH, , NO.  Fuming  hydrochlonc 
acid  decomposes  it,  producing  ammonium  chloride  and  leucic  acid. 
On  the  addition  of  water  the  latter  product  separates  as  an  oil, 
sinking  to  the  bottom.  It  is  removed  by  means  of  ether,  which 
leaves  it  on  evaporation  as  a  syi-up,  from  which  after  a  time  large 
transparent  crystal  plates  of  the  acid  separate,  having  the  com- 
position CsUiaOg.  There  can  be  no  doubt  therefore  that  leucic 
acid  is  thus  constituted  : — 

^JJa  IcH — CHOH — cooa 

Ber,  Berl.  Chem.  Oes,,  vii,  1109,  Sept.,  1874.  g.  f.  b. 

7.  RekUion  of  Phthalic  acid  to  Anthraquinone, — ^During  the 
preparation  of  sulpho-anthraquinonic  acid  in  a  Basle  alizarin  man- 
ufactory a  considemble  quantity  of  a  crystallized  sublimate  was 
obtained  in  large  colorless  needles,  which  was  soluble  in  water 
and  crystallized  therefrom  in  brilliant  plates.  Wsith  and  Bun)- 
scHBDLBB  examined  it  and  proved  it  to  be  phthalic  acid,  by  coo- 
version  into  the  anhydride  and  into  calcium  and  barium  phthalates, 
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18  well  as  into  phthalimide.  Farther  investigation  showed  that 
knthraquinone  carefally  purified  from  phthalic  acid,  heated  with 
four  parts  of  fuming  sulphuric  acid  for  six  hours  to  270°,  gave 
colorleBS  needles  of  phthalic  anhydride,  nearly  an  inch  in  length. 
Hence  anthraquinone  must  be  regarded  as  the  ketone  of  phthalic 
acid,  the  decomposition  taking  place  as  follows : 

^•^*  1  CO  f  Ce^4+2SO,  ]  ^jj=C,H^  ]  COOH+^«^*  ]  SO^OH 

Ber.  JBerl  Chem,  Oes.y  vii,  1106,  Sept.,  1874.  o.  f.  b. 

8.  Simple  preparation  of  Uroematin  from  SioBmatin. — Hoppb- 
Setlsr  has  identified  the  coloring  matter  which  he  had  produced 
by  actiDg  upon  hsematin,  the  coloring  matter  of  the  blood,  with 
reducing  agents,  especially  tin  and  hydrochloric  acid,  with  that 
obtained  from  the  urine  by  JafTe  and  called  urobilin,  and  that  pro- 
duced from  bilirubin  by  Sialy  by  the  action  of  sodium  amalgam. 
Hence  it  follows  that  the  coloring  matter  of  normal  faeces,  and  of 
arine,  is  only  a  reduction  derivative  of  the  coloring  matter  of  the 
blood,  and  that  the  biliary  coloring  matters  bilirubin  and  biliver- 
din  are  intermediate  stages  in  this  reduction.     The  principal  nor- 
mal coloring  matter  of  the  urine,  however,  is  not  urobilin  but 
nnematin;   but  Hoppe-Seyler  states  that  this  is  easily  derived 
from  urobilin,  and  that  too,  by  reduction.     This  discoverv  opens 
the  wav  for  the  solution  of  interesting  questions  on  the  disintegra- 
tion 01  the  blood-corpuscles  under  pathological  conditions. — 3er. 
BerL  Chem.  Ges.y  vii,  1065,  Sept.,  1874.  g.  p.  b. 

9.  Asparaginic  acid  as  a  product  of  Pancreatic  digestion. — 
Since  asparaginic  acid  has  been  proved  to  be  a  product  of  the 
splitting  up  of  the  albuminates,  both  vegetable  and  animal,  it  oc- 
curred to  Radzirjewski  and  Salkowski  to  ascertain  whether 
natural  ferments  such  as  that  of  the  pancreatic  juice,  produced 
isparaginic  acid  in  their  action  upon  blood-fibrin.  Fresh  blood- 
fibrin  was  digested  at  40**-60°  with  the  pancreas  of  the  ox  for 
several  hours.  Upon  testing  the  solution  obtained,  asparaginic 
icid  was  detected;  its  identity  being  established  by  conversion 
mto  the  copper  salt  and  bv  elementary  analysis.  The  formula 
C^H,NO^  requires  36*09  of  carbon  and  5  26  hydrogen.  Analy- 
818  gave  36  76  carbon  and  6*68  hydrogen. — Jier.  JBerl.  Chem.  Ges.^ 
rii,  1050,  Sept.,  1874.  G.  f.  b. 

10.  Sympathetic  Vibratians  —  M.  E.  Gripon   has   studied  at 
length  the  influence  exercised  on  the  vibrations  of  a  column  of  air 
by  neighboring  sonorous  bodies.    He  concludes  that  the  pitch  of  a 
Tibratine  mass  of  air  is  raised  by  bringing  near  its  orifice  an  elas- 
tic membrane  or  a  second  mass  of  air  which  alone  would  give  the 
same  note.  A  similar  effect  is  produced,  but  in  a  less  marked  manner 
if  the  second  mass  of  air  or  membrane,  has  a  higher  pitch  than  the 
irst.     The  pitch  of  a  membrane,  on  the  other  hand,  is  lowered  by 
hringing  a  solid  body  near  it.     In  order  that  a  layer  of  air,  bounded 
<m  one  aide  by  a  membrane  and  on  the  other  by  a  plane  parallel  to 
it  formed  by  a  solid  free  around  its  edge,  may  be  reinforced  by  a 
given  soiina,  its  thickness  must  be  proportional  to  it>&  \^\i^\\i\ 
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fiirther,  this  thickness  depends  on  the  ratio  which  exists 
the  sound  proper  to  the  nii.>inbrune  iiiid  the  given  Bonad, 
on  the  nature  and  dimensions  of  tlio  membrane. 

We  can,  with  sounding  tubes  with  flute  embouchure,  reprodnw 
the  principal  phenomena  obtained  with  einginft  tiamea. 

The  pitch  of  a  pipe  falls  when  we  bring  a  solid  body  near  iti 
orifice.  This  flattening  is  still  produced  when  the  pipe  is  the  cen- 
ter of  a  solid  plane  which  extends  indetinitely  around  the  pipe. 
The  change  in  pitch  is  proportional  to  the  number  of  TibrationH  of 
the  pipe,  and  within  certain  limits  nearly  proportional  to  the 
breadth  of  the  solid  rim  surrounding  the  pipe ;  it  is,  on  the  con- 
trary, constant  starting  from  a  certain  breadth,  and  then  propor 
tional  to  the  diameter  of  the  pipe. — Ann.  Chtm.  et  Ptiy».,  iu,  343- 
890.  K.  c  p. 

1 1.  Electrical  Reainiauce. — M.  BKSorr  has  measured  with  great 

Erecision  the  electrical  resistance  of  various  metals  at  temperatures 
■om  0"  to  860".  He  employed  both  the  method  of  the  differential 
galvanometer  and  of  the  Wheatstone's  bridge,  and  for  each  metal 
has  measured  several  specimens.  The  mean  of  these  is  given  in 
the  foilowing  table,  the  second  column  giving  the  resistance  of  a 
wire  one  meter  long  and  having  a  cross  section  of  one  mm.  in 
Ohms,  and  column  three  the  same  quantity  in  Siejnens  uniU. 
l-olumu  four  gives  the  resistance  compared  with  silver: 
Metal.  Ohms.  Siemens. 

Silver,   A -0154  0161  100- 

Copper,  A -OITI  -0179  90- 

Silver,  A  (1) -0103  -0201  80' 

Gold,  A -om  -0227  71- 

Aluminum,  A -0309  0324  49-7 

Wagnesinm,  H -0423  -0443  38-4 

Zinc,  A.,  at  350° -0565  -0591  27-fi 

Zinc,  H. - -0594  '0021  2.5'S 

Cadmium,  H •06S5  0716  22-5 

Brass,  A  (2) -0691  -0723  22-3 

Steel,  A -1099  -1149  140 

Tin -1161  -1214  13-3 

Alnminom  Bronze,  A  (3) -1 189  -1243  13-0 

Iron,   A -1216  -1272  12-7 

Palladium,  A _ _ .  1 384  -1 447  IM 

Platinum,  A -1575  1647  »-77 

Thallium 1831  -1914  8-41 

Lead --1985  -2075  7-71! 

German  Silver,  A  (4) -2(134  ■2775  5-80 

Mercury •S6«4  1-nooo  l-ttl 

A,  annealed;  R,  hardened;  (1}  fiilvor  -75:  (2)  Mipper  64-3,  einc  33-1,  l«adH 
tio  0'4;  (3)  tapper  9D,  aluminum  10;  (4)  copper  bi\  nickel  2S,  zinc  2S. 

These  resnlts,  which  are  all  taken  at  0".  agree  closely  with  those 
obtained  byorherobserwrs,  M.  Ilenoit  has  extended  hisobsen* 
tioDB  to  ft  range  of  temperature  much  greater  than  those  preri- 
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ously  employed  for  this  purpose.  He  wound  the  wire  around  a 
clay  pipe  enclosed  in  a  muffle  and  immersed  the  whole  in  a  bath 
of  water,  mercury,  sulphur  or  cadmium,  which  was  kept  at  the 
boiling  point  by  a  Perret  furnace.  Constant  temperatures  of  1 00°, 
360**,  440°  and  860°  were  thus  obtained.  Various  temperatures 
below  360°  were  also  obtained  by  a  mercury  bath.  The  meas- 
ures were  also  corrected  for  expansion.  Plates  annexed  to  his 
Enemoir,  presented  to  the  Faculty  of  Sciences  of  Paris,  show  the 
results  graphically.  They  show  that  the  resistance  increases  regu- 
larly for  all  metals  like  tin,  lead  and  zinc  up  to  their  point  of 
fusion.  This  increase,  however,  differs  for  different  metals.  We 
notice  that  tin,  thallium,  cadmium,  zinc,  lead,  are  found  together 
in  the  upper  part  of  the  plate ;  at  200°  to  230°  their  resistance 
has  doubled.  Below  them  are  iron  and  steel ;  for  the  last  the  re- 
gistance  doubles  at  180°,  quadruples  at  430°,  and  at  860°  is  about 
nine  times  that  at  0°.  Palladium  and  platinum,  on  the  other  hand, 
increase  much  less  and  only  double  their  resistance  at  400°  to  450°. 
Gold,  copper  and  silver  form  an  intermediate  group.  In  general 
the  conductibility  decreases  more  rapidly  in  a  metal  the  lower  its 
point  of  fusion.  Iron  and  steel  are  an  exception  to  this  rule.  In 
alloys  the  variation  is  always  less  than  in  their  constituents,  and 
this  is  especially  the  case  with  German  silver. — Bib,  Uhiv,,  cciii, 
284.  E.  c.  p. 

12.  Reflection  by  Olass, — Dr.  P.  Glan  has  measured  the  amount 
of  light  reflected  by  a  plate  of  glass  and  compared  the  results 
with  those  given  by  theory.  The  apparatus  employed  consisted 
of  a  doubly-refracting  prism  attached  to  the  collimating  lens  of  an 
optical  circle,  so  that  its  principal  section  was  parallel  to  the  slit. 
The  objective  of  the  observing  telescope  carried  a  Nicol  with  a 
divided  circle  reading  to  minutes  ;  and  the  spectral  analysis  of  the 
light  was  effected  by  the  prisms  of  a  Hoflman  spectroscope  set  on 
the  table  of  the  apparatus.  The  slit  was  divided  into  two  parts 
by  a  strip  of  tinlou,  whose  breadth  was  such  that  the  ordinary 
image  of  one-half  and  the  extraordinary  image  of  the  other  were 
in  exact  contact,  consequently  by  turnmg  the  Nicol  the  two  adja- 
cent spectra  could  always  be  brought  to  precisely  the  same  degree 
of  brightness.  Owing  to  the  dispersion  of  the  doubly-refracting 
prism,  perfect  contact  was  only  possible  for  one  color,  but  the 
spectra  were  of  such  a  length  as  to  render  the  contact  close 
enough  over  a  space  of  considerable  width  ;  by  turning  the  doubly- 
refracting  prism  this  contact  could  be  effected  in  any  part  of  the 
spectrum.  A  rectangular  prism  was  placed  over  the  lower  half  of 
the  slit  and  reflected  through  it  the  light  of  a  petroleum  flame 
while  in  front  of  the  upper  half  a  small  spectrometer  was  placed, 
by  which  the  light  reflected  from  the  glass  was  passed  through  the 
apparatus.  By  turning  the  Nicol  the  two  images  were  rendered 
equal,  and  each  observation  was  repeated  Ave  times,  using  the 
light  of  wave-length  equal  to  that  of  thallium. 

In  the  following  table  the  first  column  gives  the  angle  of  inci- 
dence, the  second  the  mean  of  twelve  observations  of  the  amount 
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reflected  by  a  prism  of  crown  ^Uss,  the  third  thr  amount  reflected 
according  to  Fi'usiifl's  fonnnla,  and  the  fourth  and  fifth  the  ol^ 
served  and  coiaputed  reflectiun^  for  a  similar  prisin  of  flint  gk^ 
The  incident  beam  is  in  all  uaeefl  taken  as  100. 


10-4 

n-4 

12-0 

13-S 

13-S 

14-1 

18-1 

16-2 

17-4 

n-fl 

20-3 

20-8 

23-] 

2S-9 

25-4 

25-7 

2B-3 

80-2 

83-7 

33-0 

"Hie  indices  of  refraction  were  found  from  the  aogic  of  total  polari- 
ntion,  eiuoe  Seebeck  has  ehown  that  the  denalty  and,  therefore, 
t^  te^»otioa  o£  iho  aw&uw  loay  \>e  comtiilerably  altered  by  grind- 
ing. For  the  crown  jduatbis  method  gave  ti=\-5Q7,  and  for  the 
lint  glMB  »=1'577.  It  ifl  evident  that  theagreement  with  theon- 
!■  all  thftt  ooold  be  expected, nnce  the  individual  obBorvations  dif- 
fer in  ■ome  cues  M  mooh  M  four  per  cent  from  one  another.— 
Monata.  Aead.,  SmOn,  1874,  p.  5 11 ;  Phil.  Mag.,  xlviii,  475. 

B.  c  r. 

13.  £fe(!«rioaI JV>Iarua(ton.— H.  a.  QmHOU  deMiibw  in  deuyl 
m  great  number  of  experiments  on  the  eleotrioal  onrrents  modid- 
panring  the  non-aimnltaneoas  immeruon  of  two  roercnry  elec- 
trodes ID  vaiiona  liquids,  and  has  arrived  at  the  following  ook- 
olnsions : 

If  two  mercnry  electrodes,  connected  by  the  wire  of  a  multiplier, 
be  immersed  one  after  the  other  in  any  liquid  which  is  a  condnotor 
of  electricity  (water,  alcohol,  saline  solntions,  etc.),  an  eleotrio  ear- 
rent  is  observed  passing  from  the  freshly  wetted  mercnry  Bni&ee 
through  the  liquid  to  the  other  mercury  surface.  The  strength  of 
the  current  diminishes  as  the  resistance  of  the  liquid  column  be- 
tween the  electrodes  is  increased.  The  electromotive  force  Taiiei 
with  the  nature  of  the  liquid  and  increases  as  the  concentntiwi 
diminishes,  in  some  cases  amounting  toO'Bof  a  Volt.  The  electro- 
motive force  increases  if  the  boundary  sur&ce  of  mercury  with  the 
surrounding  liquid  in  the  last  immersed  electrode  is  more  quickly 
produced.  It  soon,  however,  reaches  a  mazimnm,  especially  in  the 
case  of  viscous  liquids  like  glycerine.  The  cause  of  these  currents 
is  probably  the  alteration  in  molecular  condition  (change  of  demdtf 
or  concentration),  which  is  gradually  accomplished  in  the  liqaia 
near  the  surface  of  contact  after  the  wetting.  Similar  effects  arc 
obtained  with  solid  metals,  as  with  mercury.  The  curreota  formed 
with  acids  are  due  chiefly  to  chemical  action,  and  are,  therefore, 
secondary  phenomena.  The  surface  tension  may  be  either  in- 
creased or  diminished  and  may  change  its  sign  with  the  direction 
and  duration  of  the  current.  The  disturbances  in  capillarity  can  : 
not  be  accounted  for  by  electrolysis. — Pogg.  Annat.,  cliii,  181-203;  i 
i%tf.  Mag.,  xlviii,  479.  ■.  o.  P.      I 
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n.  Geology  and  Natural  Histoby. 

1.  On  the  Cosmiccd  dust  which  faUa  to  the  earth  with  atmoS' 
pheric  precipitation  ;  by  A,  E.  NoudenskiSld. — In  the  early  part 
of  December,  1871,  the  region  about  Stockholm  was  visited  by  a 
snow  fall  of  unprecedented  magnitude.  Nordenskiold  ayailed 
himself  of  this  opportunity  to  investigate  whether  the  apparently 
pure  snow  did  not  contain  particles  of  foreign  matter.  A  cubic 
meter  of  the  snow  was  collected  and  melted  with  all  possible  pre- 
cautions: it  was  taken,  moreover,  during  the  latter  part  of  the 
storm  (which  lasted  several  days),  when  the  atmosphere  must  have 
been  purified  from  all  accidental  dust.  Notwithstanding  this,  a 
residue  was  obtained  consisting  of  a  black  powder,  from  which, 
when  heated  in  a  matrass,  a  fluid  product  was  distilled  off,  and 
which  gave,  on  bein?  ignited,  a  reddish-brown  ash.  It  contained 
also  magnetic  particles,  which  gave  the  reaction  for  iron. 

The  experiment  was  not  in  all  respects  satisfactory,  as  it  was  at 
least  supposable,  notwithstanding  the  precautions  taken,  that  the 
organic  matter  might  have  had  its  origin  from  the  thousands  of 
chimneys  about  Stockholm,  and  that  the  metallic  iron  might  have 
been  derived  from  the  roofings  of  the  houses,  covered  up  though 
they  were  at  the  time  by  several  feet  of  snow.  In  order  to  obtain 
more  positive  results,  the  experiment  was  repeated  in  a  remote 
forest  district  of  Finland.  A  large  body  of  snow  was  collected 
with  care  and  melted.  The  result  in  this  case  also  was  a  sooty 
powder,  consisting  of  a  black  coal-like  mass  with  minute  magnetic 
particles,  which  proved  to  be  metallic  iron.  The  quantity  of  ma- 
terial obtained  was  too  small  to  allow  of  its  being  tested  for 
cobalt  or  nickel. 

Still  more  conclusive  evidence  to  the  same  point  was  obtained 
in  the  winter  of  1 872,  when  NordenskiSld,  in  connection  with  the 
polar  expedition,  spent  the  winter  on  the  northern  coast  of  Spitz- 
berffen.  At  this  point  (lat.  80°  N.)  most  remote  from  all  human 
habitations,  the  investigations  were  further  carried  on.  The  snow 
which  covered  the  drift  ice,  which  itself  had  come  from  much 
higher  latitudes,  was  found  to  be  thickly  dusted  with  minute  black 
particles ;  thev  rested  in  part  on  the  surface,  and  were  in  part  en- 
closed in  the  icy  snow  mass  some  inches  below.  The  dust  was 
black  when  collected,  but  became  gray  on  drying.  It  proved  to 
contain  metallic  particles  which,  with  sulphate  of  copper,  gave  a 
precipitate  of  metallic  copper.  The  experiment  was  repeated  later, 
the  material  being  obtained  from  a  layer  consisting  of  a  granular 

Sstalline  mass  of  altered  snow,  covered  by  eight  millimeters  of 
hardened  snow,  and  that  in  turn  by  60  mm.  more,  which  was 
loose  and  had  recently  fallen.  At  this  place  it  was  estimated  that 
iboatO'l  to  1' milligram  of  the  magnetic  particles  were  contained 
in  a  square  meter.  Enough  of  the  material  was  obtained  to  allow 
of  some  qualitative  experiments,  and  it  was  proved  to  contain, 
beside  metallic  iron,  also  phosphoric  acid,  cobalt  and  probably 
nickeL     The  portion  insoluble  in  acids  consisted  of  a  firm,  ai\^- 
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lar,  colorless  powder,  in  which  some  fragments  of  diatoms  wei 
observed. 

This  material  has  much  resemblance  to  the  remarkable  dm 
found  by  Nordenski5ld  scattered  on  the  surface  of  the  ice  in  tl 
interior  of  Greenland,  as  also  at  a  distance  of  30  miles  from  tl 
coast,  and  to  which  he  gave  the  name  cn/oconite.  This  consistc 
for  the  most  part  of  minute  angular  crystalline  grains,  which  wei 
colorless  and  transparent,  with  fragments  possibly  of  feldspar  an 
augite  crystals,  ana  some  black  magnetic  particles.  In  an  analyfl 
the  cryoconite  was  proved  to  consist  of  silica,  alumina,  oxide  i 
iron,  manganese,  magnesia,  potash,  soda,  with  traces  of  chlorii 
and  organic  matter,  and  to  give  the  oxygen  ratio  for  the  protoxyd 
alumina,  silica  and  water,  2:3:14:1.  Its  specific  gravity  is  2*6 
and  the  crystalline  form  is  monoclinic. 

Nordenski5ld  shows  that  the  cryoconite  must  have  had  either 
cosmical  origin,  or  have  come  from  Jan  Mayen,  or  else  some  u 
known  volcanic  region  in  the  interior  of  Greenland,  while  tl 
presence  of  cobalt,  and  probably  nickel,  would  seem  to  prove  tb 
a  part  of  the  dust  at  least  had  a  cosmical  origin.  He  finally  comt 
to  this  conclusion — that  small  quantities  of  a  cosmical  dust,  co; 
taining  metallic  iron,  cobalt,  nickel,  and  phosphoric  acid  and  ab 
a  carbonaceous  organic  matter,  falls  upon  the  earth  along  wit 
atmospheric  precipitation. — Pogg.  Ann.^  cli,  164,  1874. 

[The  dust,  or  cryoconite,  has  nearly  the  composition  of  an  olig 
glase-trachyte. — b.  s.  d.1 

2.  On  Middle  Park  Mineral  Coal ;  by  R  J.  Mallett.  (Froi 
the  Rocky  Mountain  News,  Denver,  Colorado,  of  Nov.  19,  aii 
dated  Territorial  School  of  Mines,  Nov.  17,  1874.) — I  have  e: 
amined  specimens  of  coal  from  Middle  Park,  and  herewith  coe 
municate  the  results,  which  may  be  of  interest  to  your  readers. 

The  coal  presents  somewhat  the  appearance  of  bituminous  co 
of  the  older  epochs,  and  does  not  have  much  tendency  to  slack  < 
break  to  pieces.  When  pulverized,  it  loses  its  jet-black  colo 
assuming  a  dark  vandyke-brown.       ***** 

Although  it  might  be  classed  as  caking  bituminous  coal,  it  dijflTe 
in  the  following  respects  from  coals  of  that  class : 

First.  In  the  nature  of  the  residue  left  after  distillation — a  tn 
coke,  something  similar  to  that  which  would  be  derived  from  di 
tilling  sugar,  but  too  porous  and  crumbling  to  8upj>ort  burden  in 
furnace. 

Second.  In  the  large  amount  of  gas  and  tarry  oil  produced. 

Third.  In  the  brown  color  of  its  powder. 

English  cannel  coal  was  ])laced  in  another  retort  and  heat( 
simultaneously  ^dth  the  Middle  Park  coal,  in  order  to  compa 
roujrhly  the  relative  amounts  of  gas.  Apparently  the  domest 
coal  gave  about  thirty  per  cent  more  gas,  of  high  illuniinatii 
power,  and  very  much  more  liquid  distillate  than  the  English  cos 
When  the  coal  is  boiled  with  concentrated  solution  of  potas 
it  does  not  affect  the  color  of  the  solution.  Lignitic  or  brown  co 
colors  potash  solution  brown. 
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tonsidering  all  of  its  properties,  I  may  say  that  it  possesses 
;h  in  common  with  the  recently  discovered  mineral  called 
rtitey  a  species  of  solidified  petroleum,  and  also  with  what  is 
wn  as  torhanite.  These  two  varieties  are  highly  valued  by  gas 
Lofactorers,  who  mix  from  five  to  twenty  per  cent  of  these 
iminous  compounds  with  less  bituminous  coal,  thereby  greatly 
■easing  the  yield  and  quality  of  the  gas.  It  resembles  the 
tier  in  the  large  amounts  of  gas  and  tarry  oil  it  yields  (which 
r  prove  as  valuable  as  that  derived  from  albertite),  but  differs 
Q  It  in  being  heavier — the  specific  gra^dty  of  the  albertite  be- 
1090,  while  this  is  1*323, — also  in  yielding  no  soluble  products 
m  treated  with  bisulphide  of  carbon,  spirits  of  turpentine,  ether, 
From  torbanite  it  differs,  in  not  crackling  in  the  fire,  in  be- 
much  heavier,  and  in  melting  and  intumescing  when  heated, 
ilysis  shows  it  to  contain  in  one  hundred  parts  6*02  percent  of 
er  and  moisture,  30*05  per  cent  of  volatile  matter  (gas  and 
*y  oil),  54*03  per  cent  of  fixed  residue,  consisting  of  coke  and  ash. 
ls  much  confusion  exists  in  the  nomenclature  of  the  mineral 

of  Colorado,  I  would  propose,  as  I  recently  did  to  Professor 
fden,  to  give  up  entirely  the  term  lignite  as  a  special  class 
16.  If  we  call  our  mineral  fuel  lienite,  we  must  conclude  that 
lite  can  be  either  bituminous-es3:ing,  bituminous-non  caking, 
hiracite,  or  possess  an  organic  structure.  The  term  lignite 
uld  be  dropped,  as  being  inapplicable  when  applied  to  our  min- 

fuel  as  a  class. 
lie  coal  from  Middle  Park  is  of  the  class  caking-bituminous, 

being  a  peculiar  variety,  might  be  distinguished  as  "  Byerita" 
.  Volcanic  Phenomena  of  County  Antrim  and  adjoining  Dia- 
ts,  Nortfieastem  Ireland;  by  Prof.  Edward  Hull.  (Proc. 
t.  Assoc,  Aug.,  1874.) — ^The  Antrim  igneous  rocks,  which  in- 
le  those  of  the  Giant's  Causeway,  are  referred  to  the  closing 
t  of  the  Eiocene  period  and  the  whole  of  the  Miocene.  I'he 
ier  of  the  ejected  rocks — probably  later  Eocene — are  stated  to 
trachytic  lavas ;  they  have  a  feldspathic  base  and  contain  crys- 
;  of  sanidin  and  also  grains  of  quartz.  They  come  from  many 
its  and  have  a  thickness  in  some  places  of  600  feet.  Over  these 
re  are  sheets  of  augitic  lavas  (which  are  separated  often  by  lay- 

of  reddish  clayey  or  soil-like  material),  and  also  beds  of  vol- 
ic  ashes.  The  ash-beds  of  Ballypalidy,  the  Causeway  and  other 
ces  contain  fossil  plants  of  Miocene  character.  Following  the 
I  depositions,  after  a  considerable  interval,  there  were  other 
ptic  eruptions  in  vast  sheets,  covering  in  some  places  beds  of 
aite  and  others  of  pisolitic  limonite.  1  he  whole  thickness  of  the 
laltic  sheets  of  Antrim  is  estimated  to  be  1100  feet ;  or  1300  feet 
the  basaltic  and  the  underlying  trachytic  sheets.  This,  though 
large,  is  far  short  of  the  thickness  on  Mull,  which  is  made  by 
ikie  to  be  3,000  to  4,000  feet.  In  both  regions  the  thickness  has 
w  reduced  by  denudation.  Mr.  Hall  states  that  the  thousands 
likes  in  northeastern  Ireland — ^wbose  aggregate  breadth  would 
several  thousand  feet — were  made  without  any  crumpling  o{ 

strata. 
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The  augitio  rock  consists  of  crystalline  grains  of  aagite  an 
labradorite  with  grains  of  titano-fcrrite  [a  titaniferoos  magnetite) 
and  often  also  of  chrysolite.  Owing  to  the  amount  of  iron  in  tl 
rock,  its  decomposition  has  produced  beds  of  pisolitic  limonit 
No  distinct  remains  of  volcanic  cones  can  now  be  distinguished  ; 
the  region. 

4.  Meport  of  the    Geological  Survey  of  Missouri,  includit 
fiel&i/oork  of  1873-4,  with  91  Illustrations  and  an  Atlas ;  by  Ga 
LAND  0.  Bboadhead,  State  Geologist.     734  pp.  8yo.     Jeffersc 
City,  1874. — We  cite  the  following  from  this  valuable  Report. 

The  "Historical  Notes,"  with  which  the  Report  opens,  show  thi 
lead-mining  was  begun  in  Missouri  in  1710,  but  was  prosecute 
only  on  a  small  scale  for  many  years.  In  1823  the  annual  yiel 
was  reported  at  3,000,000  pounds;  in  1873  it  reached  27,676,35 
pounds.     The  first  iron  was  made  in  1816 ;  the  first  zinc,  in  186 

The  Lower  Drift  includes  large  boulders  of  granite,  red  quartzyt 
greenstone,  etc.,  which  increase  in  quantity  and  size  as  we  g 
north.  In  Sullivan  County,  a  granite  boulder  measures  20  by  5 
feet.  The  Missouri  River  seems  to  limit  their  southern  extensioi 
for  only  small  and  scattered  ones  are  seen  farther  south,  and  thei 
mostly  rounded,  as  if  by  stream  action.  It  is  very  probable  tha 
anterior  to  the  deposit  of  this  rounded  drift,  but  subsequent  to  tl 
age  of  deposit  on  the  highest  land,  an  immense  lake  covered  tl 
larger  part  of  the  State,  including  all  of  North  Missouri,  St.  Lou 
County,  the  counties  on  the  Missouri  River  above  Moniteau  Count 
and  a  portion  of  the  border  comities,  while  all  Central  and  Sout 
em  Missouri  formed  an  extensive  area  of  dry  land.  We  have  e^ 
dence  in  North  Missouri  of  great  erosion  previous  to  the  existent 
of  this  immense  lake. 

The  total  area  of  the  Missouri  coal-field  is  estimated  at  23, 1( 
square  miles. 

The  term  Choteau  Group  is  used  as  the  equivalent  of  Kinde 
hook,  on  the  ground  of  priority  ;  but,  since  it  was  originally  a 
plied  to  but  one  of  the  three  beds  now  included,  while  tl 
"  Kinderhook,"  from  the  first,  was  used  to  include  all  three- 
Choteau  Limestone,  Vermicular  Sandstone  and  Lithographic  Lira 
stone — with  their  equivalents  elsewhere,  this  use  seems  liable 
cause  needless  confusion.  The  "  greater  thickness  and  better  d 
velopment "  of  the  group  in  Missouri  does  not  appear  to  us  si 
ficient  reason  for  replacing  a  name  in  itself  unobjectionable. 

After  brief  summaries  of  facts  concerning  caves,  water-suppl 
soils,  economic  minerals  and  rocks,  and  topographical  features 
the  southwest  coal  field,  there  follow  over  three  nundred  pages 
county  reports.  The  following  chapters,  on  lead,  zinc  and  in 
ores,  Dy  Schmidt  and  Leonhard,  give  many  interesting  details  co 
ceming  the  occurrence  and  relations  of  these  ores.  At  Joplin  ar 
Oronogo,  the  galenite  is  frequently  associated  with  bitumen,  whi< 
sometimes  entirely  impregnates  the  ore.  This  bituminous  galeni 
has  a  darker  appearance  than  the  common  ore,  being  often  de< 
black  in  color.     Bitumen  is  of  quite  common  occurrence  in  tl 
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Joplin  mines.     Analyses  of  galenite,  from  nine  different  localities, 
■how  an  average  of  a  little  over  an  onnce  of  silver  to  the  ton. 

At  the  OroDOgo  mines,  specimens  have  been  obtained,  which  show 
very  plainly  the  gradual  change  from  galenite  to  cemssite.     Crys- 
tals or  masses  of  galenite,  imbedded  in  altered  and  softened  lime- 
stone, seem  to  have  been  coated  at  first  by  a  compact  layer  of 
cemssite.     Through  this  layer,  solutions  containing  carbonic  acid 
penetrated  and  gradually  dissolved  the  galenite,  precipitating  a 
part  of  the  lead  as  carbonate  on  the  inside  of  the  coating,  but 
carrying  most  of  it  out  of  the  shell,  either  to  deposit  it  immedi- 
ately or  to  carry  it  away.     When  this  process  has  been  continued 
for  some  time,  we  find  a  round  or  oval  shell  of  compact  and  gen- 
erally crystalline  cemssite,  of  the  size  of  a  walnut,  or  sometimes 
much  lareer,  containing  a  dark,  transparent,  watery  fluid,  in  which 
a  piece  of  galenite,  smooth  and  rounded,  but  irregular  in  shape,  is 
lying  loose.     If  this  process  continues,  the  galenite  dissolves  en- 
tirely, and  a  cavity  lined  with  cerussite  crystals  is  the  final  result. 
In  Southwest  Jmssouri,  chert  (of  Subcarboniferous  age)  occurs  in 
heavy  beds.    The  greatest  observed  thickness  is  105  feet.    This  is 
here  one  of  the  principal  ore-bearing  rocks,  containing  galenite  in 
numerous  sheets  or  seams.     It  is  evident,  in  nil  places,  that  the 
galenite  was  foimed  after  the  chert  had  been  formed  and  hardened 
and  ill  many  places  broken  up.     The  limestone  has  undergone,  in 
many  places,  a  process  of  dolomizution.     Solutions  penetrating  it 
hare  dissolved  the  carbonate  of  lime  and  partly  replaced  it  with 
carbonate  of  magnesia.     With  this  change  a  contraction  is  con- 
nected ;  cracks  are  opened  in  the  mass,  and  filled  with  crystallized 
dolomite.     The  change  was  always  begun  either  in  fissures  or  on 
the  surfaces  of  layers  or  of  broken  off  blocks,  and  gradually  pro- 
ceeded toward  the  interior  of  the  rock.     It  seems  to  have  preceded 
the  formation  of  the  ore,  and  to  have  continued  during  the  whole 
process.     The  deposition  of  zinc  ores,  especially  calamine,  and  of 
galenite,  is  evidently  intimately  connected  with  the  dolomization. 
At  Granby,  the  alteration  extends  through  horizontal  zones  of 
irregular  outline,  generally  from  two  to  six  feet  high,  above  which 
the  solid  beds  are  undisturbed.     In  the  Joplin  districts,  the  ore- 
deposit-s  are  mostly  in  the  form  of  ^^runs,"  extending  principally 
in  one  horizontal  direction,  rarelv  more  than  five  feet  wide,  and 
limited  in  height  by  the  layers  of  chert  above  and  below  the  lime- 
stone layer,  in  the  crevice  of  which  the  run  originated.     Another 
mode  of  alteration  of  these  rocks  consists  in  a  gradual  solution  and 
removal  of  the  limestone,  either  unaltered  or  more  or  less  dolo- 
mized.     This  was  undoubtedly  effected  by  water  containing  car- 
bonic acid.     Large  caves  are  produced  by  this  dissolving  process, 
whenever  the  layers  of  chert  above  do  not  happen  to  break  down. 
The  lead  ores  of  Central  Missouri  are  mostly  in  the  Lower  Silu- 
rian limestones,  though  partly,  also,  in  the  Subcarboniferous,  as  are 
all  those  of  the  southwest  portion  of  the  State.     None  of  the  de- 
posits as  yet  worked  have  proved  to  be  paying  to  a  greater  depth 
than  about  80  feet  below  the  surface.     This  fact  is  independent  of 
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tli«  geologiciil  poBition  of  tbc  dcnositx.  It  is  a  remarkable  &ct, 
also,  that  while  barito  ib  (rntiroly  missing  in  the  southwestern 
region,  this  mineral  is,  in  this  cpntral  region,  a  u«arly  constant  asso- 
ciate of  the  galonitc  in  the  Carboniferous  as  well  as  in  the  Silu- 
rian rocks.  These  facts  suggest  the  idea,  as  Mr.  Schmidt  ob- 
serves, that  the  occurreDC«  ot  lead  ore,  with  its  associates,  is  not 
exclusively  dependent  on  the  geological  formation,  but  that  its  de- 
position may  have  taken  place  simultaneously  in  similar  rocks  be- 
longing to  different  geological  periods,  which  rocks  happened  to 
be  under  similar  conditions  at  tne  lime  of  deposition.  If  thissi^- 
gestjon  is  correct,  it  would  throw  the  origin  of  all  the  galenite  of 
the  central  and  soutbwesti-rn  lead  regions  into  a  later  period  tlian 
the  Snbcarboniferou8.  As  galeiiite  is  al&o  found  in  the  seams  and 
partings  of  tlip  conl  strata  in  Simpson's  coal-mine,  situated  in  the 
lead  district  of  sonthern  Moniteiiu  County,  which  strata,  although 
belonging  to  a  separate  basin,  must  be  anitiiosed  to  bave  been 
formed  aimuItaneouBlv,  or  nearly  so,  with  the  North  Missouri  coal- 
field, we  may  conclude  thai  the  galcnite  is  of  much  later  origin, 
even,  than  the  Coal-measures. 

The  Atlas  accompanying  the  Report  contains  geological  maps  of 
Cedar,  Barton,  Vernon,  Bates,  Howard,  Madison,  Jasper  and  >ev- 
ton  Counties,  with  unoolored  maps  of  the  lead  districts,  and  three 
sheets  of  parallelised  sections  of  the  Coal-measnres.  These  Iwt 
seem  to  ns  objectionable,  in  that  they  ^ve  bnt  little  information, 
while  involving  great  expense.  The  field-notes  thus  published 
might  better  be  reserved  for  the  special  stndy  of  their  author,  and 
only  the  thorovghly  diffe^ted  general  section  sent  to  the  printer. 

6.  Geoloi/ical  Survey  of  Victoria.  Melbonme,  1^74.  (London: 
Trabner  Si  Co.).— Two  votiimes  of  Reports  on  the  Geology  of 
Victoria  have  recently  been  issued:  one,  a  Report  ofProgrew, 
by  R.  Brough  Smyth,  Secretary  for  Mines  for  the  CoIodt,  with 
additional  reports  on  the  mineral  resources  of  Ballarat,  by  R.  A.  F. 
MuBftAT,  and  on  certain  Coal-fields ;  and  the  other.  Decade  1,  on 
the  Paleoutology  of  Victoria,  by  FnEnKRicK  McCoy.  The  plants 
of  the  Coal-fields  ai-e  mostly  similar  to  those  of  Australia ;  but  no 
species  of  Cfloaxopterit,  the  very  common  Australian  genus,  have 
yet  been  found,  and  three  are  mentioned  of  the  genns  Zamitet. 
QloMopteris  Bnncniaiia,  the  most  abundant  Australian  species, 
has,  however,  been  reported  from  Southeastern  Tasmania,  alone 
with  Pewpterit  Aiistralit,  a  plant  of  both  the  Australian  ana 
Victoria  Coal-fields.  Professor  McCoy  makes  all  these  Coal- 
measures  Mesozoic.  While  no  Lepidodendrids  occur  in  theee 
Coal-measures,  a  species  la  reported  from  a  sandstone  of  Gipps- 
land,  which  is  very  similar  to  the  European  Carboniferous  Lepi- 
dodendron  tetraganitm  Stemb.  These  beds  are  supposed  to  be 
Subearboniferous. 

The  most  interesting  discovery  mentioned  in  the  Reportt  is  that 
of  the  occurrence  of  many  American  species  of  Graptolites  in  the 
slates  of  Victoria.  Mr.  McCoy  has  identified  12  to  14  speciesof 
this  group;  and,  of  these,  Decade  I  contains  descriptions  and 
figures  of  the  following,  which  are  described  by  Hall  from  the 
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Qaebec  group  of  the  Lower  Silurian :  Phyllograptus  typua  Hall, 
Didymagrav^us  mucronatus  Hall,  Diplograptua  priatU  (Prionotus 
pristiSyYUT.  B.,  Hall),  2>.  hicomis  Ha\lf  Graptolitesjhiticosua  Hall, 
ff.  qaadrihrachiatua  Hall,  G,  bryonoides  Hall,  G,  octohrachiattu 
Hall,  G.  Logani  HalL  The  last  four  are  very  common  species 
both  in  Canada  and  Victoria,  though  rare  in  Europe. 

6.  Report  upon  Vertebra;te  JFhssils  discovered  in  New  Mexico^ 
wish  descriptions  of  new  species;  by  Prof.  E.  D.  Cope,  Paleontol- 
(mst.  18  pp.  8vo.  Geogr.  Expl.  and  Surveys  west  of  the  100th 
Meridian,  First  Lieut.  G.  M.  Wheeler,  Corps  of  Engineers,  U.  S. 
Army,  in  charge. — Professor  Cope  states  that  the  Eocene  dis- 
coveries show  that  an  Eocene  lake  extended  over  the  part  of  New 
Mexico  now  drained  by  the  tributaries  of  the  Chama  River  on  the 
east  and  the  San  Juan  on  the  west.  The  Mammalian  remains  dif- 
fer from  those  of  the  Fort  Bridger  Eocene  in  the  absence  of  spe- 
cies of  the  genus  Paloeosyops^  and  its  replacement  by  Batkmoaon 
Cope,  and  by  the  presence  of  only  one  small  Hyra>chyus,  Four 
new  species  of  Toxodonts  are  among  the  discoveries  reported ; 
they  are  referred  to  the  new  genera  Ectoganvs  and  Calamodon* 
The  teeth  of  six  or  seven  species  of  sharks  and  one  Ostrea  have 
been  found  with  the  Manmialian  remains. 

7.  Twenty-sioUh  Annual  R^ort  on  the  New  York  State  Mu^ 
stum  of  Natural  History;  by  the  Regents  of  the  University  of 
the  State  of  New  York.  Transmitted  to  the  Legislature,  May  2, 
1873.  192pp.  8vo.  Albany,  1874. — ^The  series  of  Reports  on 
the  New  York  State  Museum,  which  has  now  reached  its  26th 
number,  is  of  great  value  to  science  on  account  of  the  descriptions 
of  new  species  contained  in  it,  and  especially  of  species  of  fos- 
sils by  Professor  Jamks  Hall.  The  volume  just  issued  contains 
descriptions  of  over  60  species  of  Bryozoans  and  Corals  of  the 
Lower  Helderberg  group,  by  Professor  Hall ;  besides,  also.  Ento- 
mological Contributions,  No.  Ill,  by  J.  A.  Lintner,  including 
notes  on  the  larves  or  transformations  of  various  insects,  and  de- 
scriptions of  some  new  species ;  and  also  a  report  of  the  Botanist, 
C.  U.  Peck,  containing  among  its  tables  a  list  of  plants  hitherto 
onreported  from  the  State,  with  various  notes. 

/  8.  Winddrift  erosion:  Note  by  G,  K.  Gilbert.  (Conmiuni- 
cated.) — At  the  Hartford  meeting  of  the  American  Association 
for  the  Advancement  of  Science,  a  paper  was  presented  by  the 
writer  upon  "  Erosion  by  Sand  in  the  Western  Territories,"  and 
an  abstract  of  the  same  is  already  in  type  for  the  forthcoming 
volume  of  the  Proceedings.  One  of  the  topics  discussed  was  the 
de^adation  of  desert  plains  by  drifting  sand — a  degradation 
evinced  by  the  peculiar  worn  surfaces  of  the  pebbles  which  strew 
the  plains.  The  hard  pebbles  exhibit  a  high  polish ;  the  softer 
parts  of  the  heterogeneous  are  deeply  scored  ;  and  pebbles  of  lime- 
stone are  carved  with  an  arabesque  plexus  of  furrows.  These  phe- 
nomena were  briefly  noted  by  Dr.  J.  S.  Newberry  in  1861  (Geol. 

^  Aooordingf  to  Professor  Marsh,  this  genus  is  identical  with  his  StyKnodoUy 
described  in  this  Journal  in  voL  yii,  p.  632,  May,  1874,  where  its  resemblances  to 
Tbmdan  were  mentioned. — Edb. 
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lyes'  Ezped.,  pp.  17  and  24),  aad  his  obienratioD  was  cited  as  tk 
fint  on  record.  I  have  recently .  had  my  attention  cmlled  to  the 
fact  that  the  phenomena  were  earlier  obserred  by  Pro£  W.  P. 
Blake,  who  puolished  descriptions  in  this  Jonmal  and  elsewhere 
in  1855,  prior  to  the  orgamaation  of  Lieut.  Ives's  Expedition. 
(Pacific  Railroad  Rept.,  v,  108,  230  and  282;  Anu  Jour.  SeL, 
2d  ser.,  zx,  180 ;  Proa  Amer.  Assoc.  Adv.  ScL,  1855,  p.  218.)  His 
description,  which  is  more  extended  than  Dr.  Newberry's,  touches 
the  msgority  of  the  features  to  which  I  called  the  attention  of  the 
Association  at  Hartford ;  and  to  him  belongs  the  credit  of  having 
first  discovered  and  tmlv  explained  the  facts. 

9.  Zireofheymnyte  of  the  Canaries. — M.  Heunier  mentions  in  the 
Comptes  Rendus  (Ixxix,  p.  594,  Sept.,  1874^  the  occurrence  of  zir- 
con-svenyte  in  the  Canary  Islands,  the  rock  being  identical  with 
that  ioiiff  known  from  Scandinavia. 

10.  Text-hook  of  Geology^  deeifned  for  Sehoole  and  Jeadd' 
mie$  ;  by  James  D.  Dana.  2d  edition,  858  pp.  8vo.  Illustrated 
by  400  woodcuts.  New  York  and  Chicago,  1874.  (Ivison,  Blake- 
man,  Taylor  &  Ca^ — ^This  6eol<mcal  Text-book  of  Professor  Dans 
has  been  thoroughly  revised^  and  thereby  adapted  to  the  arrange- 
ment of  the  new  edition  of  the  Manual  and  to  the  present  state  of 
geological  science.  The  work  is  somewhat  enlarged  b^  the  addi- 
tion of  new  facts  and  illustrations,  but  without  adding  to  the 
number  of  paff€«,  the  page  having  been  increased  in  sin  to 
balance  the  additions,  and  also — as  is  true  equally  of  the  much- 
enlarged  Manual — without  an  increase  of  price.  The  book  is 
well  printed  on  good  paper. 

11.  New  American  Geological  Reports, — The  following  Reports 
have  been  received,  and  will  be  noticed  in  another  number  of  this 
Journal. 

The  Geology  of  New  Ilampehirey  C.  H.  Hitchcock,  State  Greolo- 
gist,  and  J.  H.  Huntington,  Principal  Assistant.  Part  I,  Physical 
Geofi^raphy.     668  pp.  royal  8vo,  with  many  plates  and  wood-cuts. 

Contributions  to  the  Fossil  Flora  of  the  Western  Territories: 
Part  I,  l^he  Cretaceous  Flora  ;  by  Leo  Lbsqubreux.  136  pp.  4to, 
with  thirty  lithographic  plates,  cousti luting  volume  VI  of  the 
quarto  Reports  of  the  United  States  Geological  Survey  of  the 
Territories,  F.  V.  Hayden,  U.  S.  Geologist  m  charge.  Depart- 
ment of  the  Interior. 

First  Annual  Report  of  the  Geological  and  Agricultural  Sur- 
vey of  Texas;  by  S.  B.  Blxkley,  A.M.,  Ph.D.,  State  Geologist. 
14'2  pp.  8vo.     Houston,  Texas,  1874. 

Geological  Survey  of  California^  J.  D.  Whitney,  State  Geolo- 
g'lHt.  Uonfributions  to  Barometric  ITypsometry^  with  tables  for 
uso  in  California.  88  pp.  roy.  8vo.  1874.  Also  map  of  Califoroia 
and  Nevada.     1874. 

77ie  Surface  Geology  of  Ohio :  from  vol.  ii,  of  the  Reports  of 
the  Geological  Survey  of  Ohio ;  by  J.  S.  Newberry. 

12.  Memoirs  of  the  K,  A",  geologische  ReichsanstaU, — The  fol- 
lowing very  fully  illustrated  memoirs  in  4to,  have  been  recently 
published  by  the  JL  K.  geologische  Reichsanstalt,  Vienna. 
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Die  Fauna  der  Schicbten  mit  Aspidoceras  acanthicum  ;  by  Dr. 
Neumayr.     1873. 

LTeber  einen  neuen  fossilen  Saurier  ana  Lesina ;  by  Dr.  A.  Kom- 
ber.  1873.  The  species  is  named  the  HydroBaur\t%  Ltsinensis. 
CTeber  die  triadischen  Pelecypoden-Gattungen  DaoneUa  & 
itobia  ;  by  Dr.  R  M.  v.  Mojsv&r.    1874. 

Ueber  die  ^laeozoischen  Gebilde  Podoliens  und  deren  Verstein- 
ingen ;  by  Dr.  A.  v.  Alth.    1 874. 

Die  Oephalopodenfauna  der  Gosauschichten  in  den  norddstlichen 
pen  ;  by  A.  Kedtenbacher.    1873. 

1 3.  Manual  of  Determinative  Mineralogy^  with  an  httrodtto- 
n  on  Blowpipe  Analysis  ;  by  Geoege  J.  Bkush,  Professor  of 
neralogy  in  the  Sheffield  Scientific  School  8vo.  New  York, 
)hn  Wiley  &  Son.) — Professor  Brush  calls  his  work  a  compilation 
sed  on  the  tenth  edition  of  Von  Kobell's  Tables.  But,  while 
s  is  true  of  it,  he  has  contributed  largely  to  the  work  from  his 
n  long  labors  in  blowpipe  mineralogy.  Moreover,  the  species, 
th  their  blowpipe  characters,  and  also,  in  additional  columns, 
3  several  physical  characters,  have  been  arranged  in  a  series  of 
tended  tables,  which  will  be  found  exceedingly  convenient  by 
i  student  and  sure  of  leading  him,  if  he  faithfully  uses  it,  to  the 
me  of  any  mineral  in  hand.  All  species  are  included  in  it,  even 
>se  recently  announced. 

This  volume,  as  the  Preface  states,  constitutes  the  Determina- 
e  Part  of  Dana's  System  of  Mineralogy. 

1 4.  Phannaeographia :  a  History  of  the  Principal  Drugs  of 
igetahle  origin  met  with  in  Great  Britaiji  and  British  India  ; 

F.  A.  Fluckiger,  Ph.D.,  Professor  in  the  University  of  Strass- 
1^,  and  Daniel  Hanbury,  F.R.S.,  &c.  London:  Macmillan 
Co.,  1874.  pp.  704,  8vo. — A  standard  work  like  this  has  long 
sn  wanted  ;  and  to  Mr.  Hanbury,  botanists  and  druggists  have 
&n  looking  for  it.  The  part  taken  by  his  German  colleague  is 
t  specified ;  but  the  result  is  in  every  way  satisfactory.  It  is 
t  a  treatise  on  Materia  Medica,  at  least  in  the  modem  sense;  the 
irapeutical  applications  of  the  drugs  are  indicated  only  in  a  gen- 
ii way ;  still  less  is  it  concerned  with  pharmaceutical  details  and 
knipuiations.  Nor  is  it  a  Medical  Botany,  although  accurate 
tanical  knowledge  is  turned  to  the  best  account ;  and  the 
•angement  follows  the  natural  orders  of  the  plants  yielding  the 
igs.  It  is  the  drugs  themselves  that  are  identified  and  described, 
her  than  the  plants  that  produce  them.  Their  botanical  origin 
briefly  discussed ;  their  history  is  next  given,  generally  with  ml- 
»  and  freshness,  condensing  the  results  of  much  research  and 
jrary  labor;  chemical  composition  is  noted,  but  with  no  super- 
ity  of  symbolic  formulas  ;  under  "  Production  and  Commerce'* 
ich  statistical  and  trade  information  is  given ;  medical  and  eco- 
nical  uses  are  indicated ;  the  nature  of  the  principal  adultera- 
ns  noted,  and  the  means  of  detecting  them  pointed  out ;  and, 
illy,  occasional  substitutes,  not  of  the  nature  of  adulteration,  are 
K^ined.     In  describing  a  root,  bark,  or  the  like,  the  microsopic 
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■truotore  plays  mn  importaBt  part,  aad  is  duly  attended  to.  It  luui 
well  been  said  that  tnis  can  oe  made  dear  and  explieit  only  bv 
means  of  figures ;  bnt  figures  in  sufficient  number  to  be  of  much 
account  would  greatly  increase  the  sixe  and  enhance  the  price  of 
the  work.    A  hand-book  like  this  must  do  without  them.     a.  o. 

16.  Hymenomyoeiea  Mtrcpcri^  Hw  ^pieriBeaB  8ff0iemaii$  Mypo- 
logioi  eaUio  aUera;  scrijpsit  Euas  Fbibs  fSumptibus  auctoris). 
XJpsalis,  1874. — The  preutce  to  this  classical  rolume  (of  756  8vo 
pases)  is  dated  August  16,  1874,  upon  the  yenerable  author's 
eighty-first  birthday.  He  benn  to  publish  upon  these  fimgi 
sixty  years  ago,  has  all  along  oeen  the  acknowledged  head  and 
master  of  this  recondite  department,  as  well  as  one  of  the  most 
learned  and  critical  of  Phanerogamous  botanists;  and  hiswonder- 
fU  powers  and  sure  judgment  appear  to  be  almost  unabated. 
The  AiU  index  fills  nearly  60  pages.  a.  o. 

16.  Hioeme  JFbm^  Pkmi$  of  OrMoe.— In  the  Itevue  BUMo- 
ffijg^ique  of  the  Bull  Bot.  Soa  France,  1874^  114,  an  abstraet 
IS  ffiven  of  a  critical  examination  of  FossQ  Flanta  of  Koumi,  in 
Bul>»a,  by  Count  Saporta,  a  paper  contributed  to  the  Aim.  Sei, 
A  rJBoofe  Kormah  Supirieure^  ser.  2,  t.  S.  The  main  interest  lies 
in  the  discovery  of  a  Miocene  flora,  rich  in  peculiar  8i>ecies,  and 
allied  on  one  hand  to  the  present  Mediterranean  yegetation,  <m  the 
other  to  that  of  South  Africa.  It  has  Widdim^nta^  Podofrnj^ 
(jMMonia^  Mf/rieaSy  and  AnacardiaeecB^  Ac,  of  the  Cape  types,  and 
an  Encti^ithtrt09y  the  first  fossil  Cycadea  clearly  made  out  as  of  an 
existing  genus.  It  contains,  moreover,  Giypiostrolnis  JEuropm» 
of  llivr,  which  [msses  insensibly  into  the  existing:  representative, 
<r.  h(ttrophyUu9  of  China;  and  a  Sequoia  (Fbwrnalii)^  which 
so  cU>st»lv  approaches  ^'.  setnpervirefis  of  California,  "  que  Ton 
no  saurait  marquer  aucune  divergence  sensible  entre  ces  deux 
es}>^oos.**  iu  G. 

1 7,  ^fact. — The  mace  of  nutmeg,  once  taken  as  the  type  of  an 
(tri7/tf«,  was,  a  gooil  while  ago,  dLstinguished  as  a  ariUode^  or  false 
ariU  by  Planchon,  on  finding  that  it  developed  from  the  micro- 
pyK\  while  a  tnie  anl  is  a  growth  from  the  hilum  or  summit  of 
t)\o  funiculus.  IKKtker  and  Thomson^  statement,  that  the  mace 
develops  tVx>m  both  the  micropyle  and  the  hilum,  has  been  con- 
firnunl  by  Rnillon  {Comf4f4  BfHdtt^ TS, p.  779, abstracted  in  Bev- 
BMiKHir,  of  Hull  lV>t,  Sx\  France,  L  cIl  The  consequence  is 
that  the  distinctions  between  tiriUt**  and  ariUode^  earunde  and 
jifro;kAi\^V  InxH^me  not  exactly  superfluous,  but  systematically  nn- 
im|H^rtants  *  a'g. 

I?\  f>'y.?*jO;X#iy  or  th^  .4N</rt»Wt/i><  and  to  bearings  upon  nat^ 
♦•'m;  i\flimt9:.<^  by  >1.  Chatin. — A  lone  and  important  series  of 
|viv*^rs  \«  the  iVMuptes  Reudus,  t,  TS,"  1S74,  of  which  a  full  and 
olo:ir  aWtr^ot  is  given  in  the  Kevue  Bibliographique,  above  cited, 
\wu}^y*nc  >i\  ^vhij^^  "  a.  g. 

UV  JouN  Tkmikknk  >Kv;^;aiiv;K's  name  was  misprinted  Mag- 
^%K>  in  the  JAnu:iry  n\r.ubor,  iv  69.  He  was,  as  we  learn,  a 
);r:^n«KM)  of  />.;*Vi  >  ot  S^->ii!V5)oa :  and  so  his  taste  for  natural  hi»- 
tx^rx  *>Ame  by  inheritance'.  a.  g. 
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20.  On  the  effects  of  certain  Poisons  on  MoUnaka ;  by  William 
North  Rice,  of  Middletown,  Conn.  (From  the  Proceedings  of 
the  American  Association  for  the  Advancement  of  Science,  Fort- 
land  Meeting,  August,  1873.) — Professor  Rice  closes  his  paper 
on  this  subject  with  the  following  paragraph : 

Among  the  most  interesting  results  of  the  experiments  was  the 
observation  that  certain  poisons  which  act  with  extreme  violence 
upon  the  mammalis^  are  very  feeble  in  their  action  on  the  mol- 
lusca.  This  is  especially  true  of  hydrocyanic  acid  and  woorara. 
Spjecimens  of  Hyanassa  ohsoleta^  immersed  in  dilute  hydrocyanic 
acid  on  Friday,  showed  somewhat  feeble  signs  of  life  on  the 
following  Tuesday.  A  specimen  of  Lunatia  heros^  into  which  a 
quantity  of  woorara  had  been  injected,  was  found  the  next  day  to 
show  no  sign  of  any  injury.  Indeed,  both  of  these  poisons  seemed 
to  produce  death  very  little  sooner  than  the  animals  would  have 
died  in  stale  water.  The  sudden  introduction  of  a  large  amount 
of  carbonic  acid  in  the  manner  which  has  been  described,  seemed 
to  produce  no  decided  effect.  On  the  other  hand,  chloral  hydrate 
seems  to  be  very  suddenly  fatal,  the  animals  treated  with  it  be- 
comins  instantly  contracted,  and  not  resuming  their  activity 
when  Kept  for  a  number  of  hours  in  sea  water.  Cyanide  of 
potassium  is  similar  in  its  effects,  though  not  quite  so  instantane- 
ously fatal  The  effects  of  quinine  are  similar,  though  less 
energetic.  Chloroform  produces  instantaneous  contraction,  and 
probably  death ;  but,  as  the  animals  treated  with  this  poison  were 
not  afterward  kept  for  a  time  in  pure  sea  water  to  give  them  an 
opportunity  to  revive,  it  is  not  certain  that  they  were  really  dead. 

21.  On  the  mode  in  which  Amoiba  swaUows  its  Food. — Professor 
LsiDT  remarked  that  he  had  supposed  that  Amceba  swallows  food 
by  this  becoming  adherent  to  the  body,  and  then  enveloped,  much 
as  insects  become  caught  and  involved  in  syrup  or  other  viscid 
substances.  He  had  repeatedly  observed  a  large  Amoeba,  which 
he  supposes  to  be  A.  princeps^  creep  into  the  interstices  of  a  mass 
of  mud  and  appear  on  the  other  side  without  a  particle  adherent. 
On  one  occasion  he  had  accidentally  noticed  an  Amoeba,  with  an 
active  flagellate  infusorium,  a  Urocentrum,  included  between  two 
of  its  flnger-like  pseudopods.  It  so  happened  that  the  ends  of 
these  were  in  contact  with  a  confervous  tilament,  and  the  glasses 
above  and  below,  between  which  the  Amoeba  was  examined, 
effectually  prevented  the  Urocentrum  from  escaping.  The  condi- 
tion of  imprisonment  of  the  latter  was  so  peculiar  that  he  was  led 
to  watch  it.  The  ends  of  the  two  pseudopods  of  the  Amoeba 
gradually  approached,  came  into  contact,  and  then  actually 
Became  lused — a  thing  which  he  had  never  before  observed  with 
the  pseudopods  of  an  Amoeba.  The  Urocentrum  continued  to 
more  actively  back  and  forth,  endeavoring  to  escape.  At  the 
next  moment  a  delicate  film  of  the  ectosarc  proceeaed  from  the 
body  of  the  Amceba,  above  and  below,  and  graduaUy  extended 
outwardly  so  as  to  convert  the  circle  of  the  pseudopods  into  a 
complete  sac,  inclosing  the  Urocentrum.    Another  of  these  crea- 
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tores  was  notioed  within  the  Amcdb«^  which  a{qieued  to  hsTo 
been  inclosed  in  the  same  manner. 

This  observation  wonld  make  it  appear  that  the  food  of  the 
Amoeba  ordinarily  does  not  simply  adnere  to  the  body,  and  then 
sink  into  its  substance,  bnt  rather,  afker  becominff  acUierent  or 
covered  by  the  psendopods  or  body,  is  then  indosed  by  the  active 
extension  of  a  film  of  ectosarc  around  it — Proe.  Acad.  NaL  SeL 
Philad.,  p.  143. 

22.  On  the  Motive  Power  of  DieOome. — ^Ph>fes8or  Lxidt  made 
some  remarks  on  the  moving  power  of  Diatoms,  Deamids,  sad 
other  AlgflB.  While  the  cause  of  motion  remains  unknown,  some 
of  the  uses  are  obvious.  The  power  is  considerable,  and  enables 
these  minute  organisms,  when  mingled  with  mud,  rea^y  to 
extricate  themselves  and  rise  to  the  sutCacc,  where  tiliey  msj 
receive  the  influence  of  light  and  air.  In  examining  the  8urfiu:e- 
mud  of  a  shallow  rain-water  pool;  in  a  recent  excavation  in  brick 
clay,  he  found  little  else  but  an  abundance  of  minute  diatoma 
He  was  not  sufficiently  familiar  with  the  diatoms  to  name  the 
species,  bat  it  resembled  Nmicula  radioea.  The  little  diatoms 
were  very  active^  gliding  hither  and  thither,  and  knocking  the 
quartz  sand  grams  about.  Noticing  the  latter,  he  made  some 
comparative  measurements,  and  found  that  the  Naviculs  would 
move  grains  of  sand  as  much  as  twenty-five  times  their  own 
8Ui>erficial  area,  and  probablv  fifty  times  their  own  bulk  and 
weight,  or  perhaps  more. — Ibidy  p.  113. 

23.  The  Common  Frog ;  by  St.  Georgb  Mivabt.  Nature 
series.  Macmillan  &  Co.,  1874. — This  little  treatise  contains  not 
only  a  large  amount  of  information  concerning  the  comparatiye 
anatomy  of  frogs,  but  also  numerous  illustrations  of  the  anatomy 
of  other  animals,  and  of  man,  introduced  for  the  sake  of  compan- 
son  with  the  corresponding  parts  of  the  frog.  It  is  illustrated  hy 
eighty-eight  cuts,  most  of  them  excellent.  v. 

24.  Animal  Mechanism :  a  Treatise  on  TerreeiricU  and  Aerial 
Locomotion  ;  by  E.  J.  Mabby.  With  one  hundred  and  seventeen 
figures.  International  Scientific  series.  D.  Appleton  &  Co.,  New 
York,  1874. — In  this  work  the  Subject  of  animal  locomotion  is 
treated  in  a  very  clear,  analytical  and  concise  manner,  while  the 
numerous  illustrations  render  even  the  most  complicated  mechan- 
isms easily  understood.  The  first  part  of  the  book  treats  of  the 
various  forces  and  organs  concerned  in  locomotion ;  the  second 
treats  of  terrestrial  locomotion ;  the  third,  of  the  fiight  of  insects 
and  birds.  The  author  presents  in  this  work  the  results  of  his 
own  extensive  investigations  of  this  subject,  and  gives  full  accounts 
of  the  numerous  mechanical  contrivances  by  which  the  wings, 
legs,  and  bodies  were  made  to  record  their  own  motions.  Many 
of  the  tracings  are  reproduced  in  the  cuts.  Several  machines, 
so  constructed  as  to  imitate  faithfully  the  essential  motions  and 
eftects  of  the  wings  of  insects,  are  described  and  figured.  The  en- 
tire subject  is  so  well  explained  and  illustrated  that  the  book  can- 
not fail  to  be  interesting  and  instructive,  even  to  non-scientific 
readers.  v. 
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III.   Astronomy. 

1.  The  IVansit  of  Venus^  Dec.  8,  1874. — The  following  noticep 
present  a  summary  of  the  stations  at  which  successfal  observations 
of  the  Transit  were  made  so  far  as  information  has  yet  been  re- 
ceived.    The  stations  are  arranged  in  the  order  of  latitude  : 

In  the  Northern  HemUphere. 

1.  Tschiku    Lat  62**  0^  N.,  long.  7h.  34m.  E.    Russian  station.    Contacts  observed 

and  four  series  of  measures  with  heliometer. 

2.  Kerkhinsk.    Lat  61**  18' N.,  long.  7h.  58m.  E.    Russian  station.    Three  con- 

tact«  observed,  and  two  diameters  and  twenty  distances  of  the  planet  meas- 
ured with  heliometer. 

3.  Kiachia,    Lat  50""  20^,  long.  7h.  6m.  E.     Russian  station.    Eight  photographs 

taken. 

4.  Haharcvka.    Lat.  48''  16',  long.  8h.  68m.  E.    Russian  station.    First  two  con- 

tacts and  some  chords  observed. 
6.  Jasay.    Lat.  AV  3'  long.  Ih.  60m.  E.    (German  station.    Last  external  contact 
observed. 

6.  WkuUwogMc.    Lat  43**  1%  long.  8h.  47m.  E.    American  and  Russian  station. 

First  and  second  contacts  observed,  13  photographs  taken,  and  numerous 
distances  of  the  two  limbs  were  measured. 

7.  F&rt  PosaieL    Lat  42°  42',  long.  8h.  43m.  E.    Russian  station.    Two  interior 

contacts  observed  and  38  photog^phs  taken. 

8.  Orianda,    (North  of  the  Crimea?)    Russian  station.    Satisfactory  observation 

of  last  two  contacts. 

9.  Pekin.     Lat  39°  54',  long.  7h.  46m.  E.     American  and  French  station.    First 

and  second  contacts  observed  and  photographs  taken. 

10.  IkdU/u,    Lat  37°  30',  long.  8h.  5m.  E.    German  station.    The  observation  of 

contact,  the  heliometer  measurement,  and  the  photographs  succeeded  splen- 
didly. 

11.  Teheran.    Lat  35°  37',  long.  3h.  25m.  K     Russian  station.    Observations  suc- 

oessfuL 
IS.  TokokanuL    Lat.  36°  36',  long.  Oh.  19m.  E.     Russian  station.     Observation 
successful. 

13.  Kobe.    Lat  34°  40',  long.  9h.  Im.  E.    French  station.    Successful  observa- 

tions. 

14.  yoffoaaki.    Lat  32*  45',  long.  8h.  39m.  E.    American  and  French  station. 

Second  contact  observed  well,  first  and  third  contacts  observed  through 
douds.  60  good  photographs.  150  micrometric  measurement  of  cusps,  sep- 
aration of  limbs  and  diameter  of  Venus. 

15.  Jgpahan.    Lat  32°  40',  long.  3h.  27m.  £.    German  station.     19  photographs 

taken. 

16.  Cairo.    Lat  30°  6',  long.  2h.  6m.  E.    English  station.    Last  two  contacts  well 

obeerved. 

17.  Sua.    Lat.  29°  68',  long.  2h.  10m.  E.    English  station.    Last  two  contacts 

observed  satisfactorily. 

18.  Roorkee.    Lat  — ,  long.  — ^.    East  India  Co.  station.     100  photog^phs  taken. 

19.  Thebes.    Lat  25°  43',  long.  2h.  lOm.  E.     English  station.    Last  two  contacts 

well  observed.  60  photographs  taken.  Russian  station.  Splendid  weather ; 
very  important  obmrvations. 

20.  HonohOu.    Lat  21°  18',  long.  lOh.  31m.  W.     English  station.    First  two  con- 

tacts well  observed.  Photogpraphs  unsatisfactory.  The  complete  disc  of 
Venus  was  seen  twelve  minutes  before  the  internal  contact  The  first  con- 
tact was  observed  at  3h.  7m.  Is. ;  the  time  computed  in  the  Eng.  Naut 
Aim  was  3h.  6m.  18s;  0— 0^=  +lm.  43s.  Second  contact  obs.  3h.  35m. 
66-78.;  comp.  3h.  33.  Os;  0— C=  +2m.  66*7s. 
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In  the  Southern  SemUphere, 

1.  Sydney.  Lat  33*  3K  a,  long.  lOh.  Sm.  K  EngUah  Obearvtorj.  Obaem- 
tionB  ifttis&otorj. 

a.  Adelaide,  Lat  34"  4(K,  long.  9h.  16m.  B.  Bnfl^Oih  ObMrratoiT.  iMt  two 
oontactB  well  obflerrod.  The  thizd  oontact  wasobsorfedat  sLim.  43'4&; 
the  time  oomputod  bj  the  Amerioan  ComminUm  was  3h.  6m.  498. ;  0-G 
=  —  Im.  68.  FoorCh  oontact  oba.  3h.  34m.  THta. ;  oomp.  Sh.  35m.  398. ; 
0— 0=— Im.  328. 

3.  MaBHrnme.  Lat  37**  49^,  long.  Oh.  40m.  B.  Enfl^  Obaenratory.  Obeem- 
tiona  Boooeasfiil. 

4  Queenstown^  New  Zealand.  Lat  — ^  long.  — w  Amsrioaii  atalion.  Obaem- 
tlona  BuooeasfoL    Ingreaa  obaerfed  and  337  pholographa  taken. 

6.  Bbbart  Ibwn,  Lat  43"  0',  long.  Oh.  49nL  B.  American  station.  113  photo- 
graphs taken. 

6.  OAr&  CfturvA,  New  Zealand.  Lat  43**  20^,  long.  llh.  31m.  E.  English  Btatkn. 
Failure  from  douds. 

2.  Aurora  Australis  at  MMoume,  TuUaria. — ^Traces  of  the 
aurora  were  seen  on  the  eyenings  of  the  7th  and  8th  of  March; 
there  were  a  few  fiednt  pink  streamera  on  the  7th  at  7.80  p.  x.  It 
was  also  seen  on  the  8th  at  Cape  Otway  and  Port  Albert,  and 
on  the  evening  of  the  10th  at  Monnt  Macedon.-^JIfon<A/v  lUcord 
during  March^  1874,  under  the  Superintendence  of  Jt,JL.Ji  EUery^ 
Govertwient  Aetronomer^  MUboume, 

lY.    Miscellaneous  Scientific  Intelligence. 

1.  Royal  Society, — ^The  Copley  medal  of  the  Royal  Society  has 
been  awarded  to  Prof.  Louis  Pasteur,  "for  his  researches  on 
Fermentation  and  l*ebrine ;"  and  the  Rumford  medal  to  J.  Nob- 
man  LocKTER,  "  for  bis  spectroscopic  researches  on  the  Sun  and 
on  the  Chemical  elements." 

2.  Proceedings  of  the  Centennial  of  Chemistry. — Numbers  2, 
3  (tor  August  and  September)  of  volume  v  of  the  American 
Chemist  are  occupied  with  the  proceedings  of  the  Centennial  meet- 
ing at  Northumberland.  They  contain  the  address  of  PVo£  H.  H. 
Croft,  on  the  life  and  labors  of  Priestley  ;  of  Dr.  H.  Copp^  at  the 
grave ;  of  T.  Sterry  Hunt,  on  the  century's  progress  in  chemical 
theory ;  of  J.  Lawrence  Smith,  on  the  century's  progress  in  indus- 
trial chemistry,  and  of  B.  Silliman,  on  American  contributions  to 
chemistry.  To  the  last  the  author  has  added,  with  much  labor,  a 
list  of  papers  published  by  American  authors,  bearing  on  chemis- 
try, physics,  and  the  chemical  composition  of  minerals,  and  includ- 
ing also  references  to  many  papers  on  other  topics. 

Report  of  the  Commissioners  of  Ag^culture  for  1873.  496  pp.  8vo.  Wash- 
ingtoD,  1874. 

Half -hour  Recreations  in  Popular  Science.  No.  1 1 .  The  Transmission  of  Sound 
by  the  Atmosphere,  by  John  TyndaU.  Gigantic  Cuttle-flsh,  by  W.  8.  Kent  32 
pp.  8yo.     Boston.    (Kstcs  &  Laureat.) 

Half-hours  with  Insects.  Part  5.  Insects  of  the  Pond  and  Stream,  by  A  S. 
Packard,  Jr.    pp.  129-160,  12mo.     Boston.    (Estes  &  Laureat.) 

Tidal  Researches,  by  William  Ferrel,  A.M.,  Assistant  U.  S.  Coast  Survey.  Ap- 
pendix to  the  U.  S.  Coast  Survey  Report  for  1874.  A  profound  work,  the  resiUt 
of  many  years  labor. 

Topographical  Survey  of  the  Adirondack  Wilderness  of  New  York  for  the  year 
1873 ;  by  Verplanck  Colvin.  Transmitted  to  the  New  York  Legislatore,  April 
21, 1874.    306  pp.  8vo,  with  many  valuable  mape.    Albanyi  1874. 
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Art.  XVIIL — On  some  Phenomena  of  Binocular  Vision;  by 
Joseph  LeConte,  Professor  of  Geol.  and  Nat.  Hist,  Uni- 
versity of  California.* 

VIL     Positiofi  of  the  eyes  in  sleepiness. 

It  is  usually  taught,  and  I  think  universally  believed  by 
physiologists,  that  in  sleep  and  also  in  extreme  drowsiness,  when 
control  over  the  ocular  muscles  is  lost,  the  optic  axes  turn 
upward  and  inward.  Miiller  says  if  "During  sleep  the  eyes 
have  a  peculiar  position.  At  that  time,  as  well  as  in  a  state  of 
m^re  sleepiness,  Doth  eyes  are  turned  inward  and  upward."  I 
find  similar  statements  by  other  writers  on  this  subject ;  but  I 
cannot  find  any  experiments  or  observations  upon  which  this 
conclusion  is  based.  I  think  it  probable  that  it  has  been 
reached  indirectly  thus :  It  is  known  that  in  a  state  of  sleepi- 
ness the  images  of  objects  double.  This  double  vision  may 
arise  either  from  convergence  on  divergence  of  the  optic  axes. 
It  is  very  naturally  attributed  to  the  former,  because  in  sleep 
the  iris  is  contracted,  and  contraction  of  the  irides  is  usually 
consensual  with  convergence  of  the  optic  axes.  Thus  Miiller 
says  (p.  536) :  "  The  contracted  state  of  the  irides  in  sleep  is 
a  consensual  motion  dependent  on  the  position  of  the  eyes,  wnich 
are  turned  upward  and  inward  by  the  inferior  oblique  muscles." 
The  experiments  I  am  about  to  describe,  however,  prove  con- 
clusively that,  if  not  in  sleep,  at  least  in  sleepiness  or  the  act 
of  falling  to  sleep,  the  optic  aoces  diverge, 

*  For  preceding  articles  on  this  subject,  see  this  Jour.,  Ser.  II,  voL  xlvii,  pp.  68 
and  153  ;  and  Ser.  HI,  vol.  i,  p.  33,  vol.  ii,  p.  1,  vol.  ii,  pp.  316  and  417. 
f  ICQUer'a  Physiology,  Baly's  Translation,  Am.  ed.,  p.  810. 
Am.  Joitr.  Sol— Third  Sbbibb,  Vol.  IX,  No.  51  —March,  1875. 
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160  *  J.  LeOmie  on  Bmacidar  Tinbn. 

There  are  few  persons,  I  sappose,  who  have  not  ezperienoed 
an  unconquerable  drowsiness  while  listening  to  a  duU  speaker 
on  a  warm  summer  afternoon.  Eveiy  one  at  such  times  must 
have  observed  that  as  the  control  over  the  ocular  muscles  is 
lost,  the  head  of  the  speaker,  whom  he  is  vainly  attempting  to 
regard  with  attention,  becomes  double ;  the  two  heads  separat- 
ing more  and  more,  until,  at  the  distance  of  80  feet,  they  may 
seem  10  to  16  feet  apart  In  my  own  case  the  control  over  the 
eyes  is  lost  even  while  the  consciousness  is  perfect,  and  the 
mind  in  a  condition  to  make  a  scientific  experiment  Often, 
although,  by  an  effort,  the  control  over  the  eyes  could  be 
retained,  I  have  chosen  to  abandon  it,  in  order  to  make  the 
experiments  related  below. 

In  accordance  with  the  usual  doctrine,  I  had  long  supposed 
that  this  doubling  of  images  in  sleepiness  was  due  to  optic  con- 
veigence.  On  testing  it,  nowever,  I  found  I  was  miataken.  I 
tested  it  as  follows : 

It  is  well  known  that  the  images  of  all  objects  nearer  or 
brther  off  than  the  point  of  optic  convergence  (point  of  sight) 
are  double.  But  tnere  is  this  difference  in  the  two  cases:  if 
the  object  be  beyond  the  point  of  sight,  i  e.  if  the  optic  con- 
vergence be  too  great,  the  images  are  ikomonymous ;  but  if  the 
object  be  nearer  than  the  point  of  sight,  i.  e.,  if  the  optic  con- 
vergence be  too  small  (and  a  fortiori^  if  there  he  optic  divergenct) 
the  images  are  heteronymous.  Now  I  have  found  it  perfectly 
easy,  even  in  the  state  of  drowsiness  already  mentionea,  to  per- 
form an  experiment  to  test  the  position  of  the  optic  axe&  As 
soon  as  the  head  of  the  speaker  doubles  and  the  two  images 
are  well  separated,  I  wink  the  right  eya  Invariabjy  the  leji 
image  disappears.  The  images  are  therefore  heteronymous,  and 
heteronymous  images  in  this  case  prove  optic  divergence.  For 
even  with  the  point  of  sight  at  infinite  distance,  i.  e.,  the  optic 
axes  parallel,  tne  doubling  of  an  object  at  the  distance  of  80  or 
40  feet  would  be  almost  imperceptible  (the  distance  between 
the  centers  of  the  two  images  being  only  equal  to  the  interocu- 
lar  distance,  or  2^  inches),  while  in  the  experiments  the  images 
were  widely  separated,  in  some  cases  10  to  15  feet  indicating 
therefore  an  optic  divergence  of  15°  to  20°. 

I  am  sure,  in  the  course  of  15  or  20  years  I  have  i^rformed 
this  experiment  many  hundred  times,  and  always  with  the 
same  result  But  thinking  it  possible  that  my  own  case  might 
be  exceptional,  I  asked  Professor  E.  P.  Alexander,  one  of  my 
colleagues  in  the  University  of  South  Carolina,  who  had  been 
troubled  with  similar  drowsiness,  to  make  the  same  experi- 
ments.    He  did  so,  and  his  results  were  identical  with  my  own. 

In  every  case,  of  course,  the  experiment  rouses  the  mind  and 
quickly  re-unites  the  images,  but  not  so  quickly  but  that  the 
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jult  is  perfectly  obvious.  But  lest  some  may  regard  this 
eedy  re-union  of  the  images  as  an  objection  to  the  reliable- 
ss  of  this  mode  of  experimenting,  I  devised  another  method, 
lich  is  not  open  to  this  objection. 

While  gazing  on  vacancy^  objects  near  at  hand  are  very 
rceptibly  double,  the  images  being  heteronymous.  Now  if 
lile  thus  gazing,  perhaps  in  profound  thought,  the  observer 
ould  happen  to  be  overcome  with  drowsiness  and  lose  control 
er  the  eyes,  the  already  hetermiyrnxms  images  will  separate  more 
d  more  widely,  I  have  made  this  experiment  many  times 
lile  lying  abed  in  the  morning  and  alwavs  with  the  same 
3ult.  But  this  result  is  impossible  except  by  o^iiQ divergence^ 
p  by  convergence  the  images  would  approacn  each  other, 
lite  and  then  cross  over  and  become  homonymous. 
Thus,  then,  it  is  certain,  that  in  the  act  of  failing  to  sleep  the 
es  diverge.  Whether  this  position  is  retained  in  profound 
5ep,  I  have  tried  in  vain  to  determine.  The  attempt  to 
Bike  observations  on  the  eyes  of  sleepers,  for  this  purpose, 
variably  introduces  disturbing  influences  which  vitiate  the 
3ult  1  have  also  attempted  observations  on  sick  infants,  who 
ten,  in  a  weak  condition,  drowse  with  the  eyes  half  open  ;  but 
have  always  found,  under  these  circumstances,  the  action  of 
e  ocular  muscles  irregular  and  the  position  of  the  optic  axes, 
erefore,  unsteady.  Nevertheless  it  seems  highly  probable 
at  in  profound  sleep,  also,  the  position  of  the  optic  axes  is 
vergent 

I  will  now  bring  forward  several  facts  which  point  to  the 
nclusion  reached  by  these  experiments,  viz :  that  the  optic 
'es  diverge  when  completely  relaxed. 

1.  Double  vision  is  a  well-known  phenomenon  of  the  state  of 
ankenness.  Accompanying  the  double  vision  there  is  always 
servable  an  unnatural  appearance  of  the  eyes,  resulting  from 
want  of  the  perfect  parallelism  or  the  very  slight  convergence 
the  optic  axes,  which  is  a  necessary  condition  of  single  vision. 
>uble  vision  may  result  from  too  much  convergence  (squint- 
5)  or  from  divergence;  but  I  think  every  one  who  has 
•served  persons  in  this  state  will  agree  with  me  that  the  eyes 
»  not  squint  but  diverge  as  in  sleepiness,  and  from  the  same 
ase,  viz :  a  loss  of  control  and  consequent  relaxation  of  the 
imal  tonic  contraction  of  the  muscles  of  the  eyes. 

2.  The  axes  of  the  conical  eye  sockets,  if  produced,  would 

set  each  other  about  the  occiput.     This  gives  a  divergence, 

passing  forward,  of  about  25°.     It  is  probable  that  in  a  state 

absolutely  perfect  relaxation,  the  optic  axes  coincide  with 

B  axes  of  the  eye-sockets,  and  it  requires,  therefore,  some 
ntractioD  to  bring  the  optic  axes  to  a  condition  of  parallelism 
d  still  more  to  a  condition  of  convei^ence,  as  in  every  '7o\\«i- 
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tary  act  of  sight  In  the  human  eye,  therefore,  and  also  in 
that  of  the  highest  animals,  there  are  three  conditions  of  the 
optic  axes :  1st,  convergence,  when  we  look  at  a  near  object  ; 
2d,  parallelism,  when  we  look  ^t  a  distant  object  or  gaze  on 
vacancy ;  8d,  divergence,  when  we  lose  control  of  the  eyes,  as 
in  sleep,  in  drunkenness  and  probably  in  death.  The  Ist 
requires  a  distinct  voluntary  effort — a  distinct  voluntary  con- 
traction of  the  ocular  muscles  ;  in  the  2d  there  is  no  voluntary 
contraction,  but  only  that  tonic  contraction  characteristic  of  the 
waking  state ;  in  the  3d  the  relaxation  is  complete.  The  Ist 
is  the  active  state  of  the  eye ;  the  2d  the  waking  passive  state ; 
the  8d  the  absolutely  passive  state. 

8.  In  most  normal  eyes,  in  the  waking  passive  state,  the 
optic  axes  are  perfectly  parallel,  and  it  is  impossible  to  carry 
the  relaxation  so  far  as  to  produce  divergence.  Hence  it  is 
easy  to  double  a  near  object  either  by  looking  at  a  nearer  or 
at  a  more  distant  point — either  by  too  great  or  too  small  con- 
vergence ;  but  it  is  impossible  to  double  an  iniBnitely  distant 
object,  like  a  star,  except  in  one  way,  viz :  bjr  convergence — by 
crossing  the  eyes.  For  the  same  reason  it  is  impossible  for 
most  normal  eyes,  widiont  the  use  of  instruments^  to  combine 
stereoscopically  two  similar  objects  or  two  similar  pictures, 
beyond  the  plane  of  the  object  or  the  pictures^  unless  the  distance 
between  identical  points  of  the  objects  or  pictures  be,  at  most, 
not  greater  than  the  interocular  distance.  Yet  I  have  knowD, 
at  least,  one  man,  a  gentleman  of  rare  intelligence  and  much 
interested  in  binocular  experiments,  and  whose  eyes  were  to 
all  appearance  perfectly  normal,  in  whom  the  waking  passive 
state,  as  in  gazing  on  vacancy,  was  one  of  slight  optic  divergence 
— in  whom  therefore  the  relaxation  was  more  complete  than  in 
most  eyes.  This  gentleman  could  double  a  star  by  gasing 
vacantly,  and  as  it  were  beyond  it  I  thought  at  first  that  the 
doublinf]^  was  the  result  of  optic  ccmvergence,  but  by  plaoin^  a 
screen  alternately  before  the  one  and  the  other  eye  and  aflkiBg 
which  image  disappeared,  I  completely  satisfied  myself  that 
his  eyes,  while  gazing  on  vacancy,  were  really  slightly  diveif;ent 
instead  of  parallel. 

I  proved  this,  however,  still  more  satisfactorily  in  another 
way.  I  have  stated  that  it  is  impossible  for  most  persons  of 
normal  eyes  to  combine  two  similar  pictures  with  the  naked  eyes. 
so  as  to  form  a  stereoscopic  image  beyond  the  plane  of  the  pictures, 
unless  the  distance  between  identical  points  in  the  pictures  be, 
at  most,  not  greater  than  the  interocular  distanca  But  this 
gentleman  could  thus  combine  ordinary  stereoscopic  pictures 
with  the  naked  eyes  beyond  the  plane  of  the  pictures,  even 
when  the  distance  between  identical  points  was  greater  than 
the  distance  between  the  centers  of  his  pupils.     His  ocular 
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livergence  was  very  small,  and  therefore,  as  might  have  been 
ispected,  in  proportion  as  the  distance  between  identical  pointe 
>f  the  pictures  was  sreater,  the  distance  fhim  the  eyes  at  which 
be  pictures  must  be  placed  muat  also  be  greater.  For  in- 
itance:  when  the  distance  between  identical  points  was  three 
ncbes  the  pictures  were  held  at  arm's  length ;  when  the  distance 
was  six  inches  the  pictures  were  placed  on  the  other  side  of  the 
oom.  It  would  be  curious  to  enquire,  at  what  distance  and  of 
rhat  size,  according  to  the  laws  of  vision,  the  stereoscopic  imaee 
laght  to  seem  in  tnis  caaa  For  while  one  condition  of  single 
'iaion,  the  absolutely  necessary  one,  viz ;  that  the  retinal  im- 
iges  shall  occupy  corresponding  points  on  the  two  retinee,  is 
atisfied  ;  another  condition,  which  if  not  absolutely  necessary, 
s  present  in  every  act  of  single  vision  except  this  one — a 
condition  which  determines  the  apparent  place  and  size  of  the 
ibject  or  Btereoscopic  image  — viz :  the  meeting  of  the  two  visual 
ines,  is  not  satisjied.  In  all  cases  of  single  vision,  whether  of 
latural  objects  or  by  stereoscopic  combinations,  the  object  or 
[tereoscopic  image  is  seen  at  the  intersection  of  the  visual  lines, 
vbicb  is  therefore  called  the  point  of  sight.  But  in  this  case 
here  18  no  point  of  sight  at  alt — the  visual  lines  do  not  meet 
it  all  except  behind  the  head. 

In  one  of  my  papers  on  binocular  vision*  I  gave  a  new 
nethod  of  representing  the  position  of  double  images ;  a  method 
vhicb,  however,  represents  equally  well  the  position  of  images 


Ken  single  by  stereoscopic  combination.  The  facta  which  I 
bave  just  presented  may  be  perfectly  represented  by  this 
netbod,  but  cannot  by  any  other.  Let  R  and  L  (fig.  1)  repre- 
ent  the  position  of  the  eyes  in  sleepiness,  and  A  the  object 
•This  Jour.,  8er.  ITT,  toI.  I,  p.  33. 


164  J.  LeOonte  on  Binocular  Vision. 

contemplated ;  then  the  lines  A  N,  Lv  Rv,  will  represent  the 
position  of  the  median  line  and  the  two  visual  lines  and  B  A, 
L  A  of  the  ray-lines  from  the  object  A  to  the  eyes.  The  visual 
result,  if  all  these  lines  were  visible,  is  represented  by  fig.  2. 
The  object  A,  fig.  1,  is  seen  double  at  a  and  a',  fig.  2.  If, 
instead  of  one  object  at  A,  there  be  two  similar  objects,  a  g., 
stereoscopic  pictures  at  v  and  v,  fig.  1,  then  these  will  combine 
and  be  seen  single  at  V  somewhere  along  the  combined  visual 
lines  E  V,  fig.  2.  Of  course  there  will  be  seen  also,  unless  cut 
ofi^  by  a  septum,  two  other  images,  v  and  v\  to  the  extreme 
right  and  left,  as  already  explained  in  my  previous  paper.  I 
cannot  even  conceive  how  these  phenomena  can  be  represented 
by  the  usual  method. 

VIIL  In  binocular  vision  the  law  of  corresponding  points  may 
be  opposed  to  the  law  of  direction.  In  such  cases  the  law  of  corres- 
ponding points  prevails. 

There  are  two  well  known  fundamental  laws  of  vision,  viz: 
the  law  of  visible  direction  and  the  law  of  corresponding  points,* 
The  one  is  the  fundamental  law  of  mouocular^  as  the  other  is  of 
binocular  vision.  The  one  gives  the  true  position  of  all  objects 
and  radiants,  and  therefore  completely  explains  erect  vision 
with  inverted  retinal  image ;  the  other  combines  the  double 
external  images  of  the  same  object  at  the  point  of  sight,  and 
therefore  completely  explains  single  vision  with  double  retinal 
images.  The  former  is  usually  regarded  as  the  more  funda- 
mental— as  underlying  and  explaining  the  other  law,  and  as 
therefore  itself  capable  of  explaining  all  the  phenomena  of 

*  The  law  of  visible  direction  may  be  thus  expressed :  Erery  impreesion  on  the 
retina  reachiDg  it  by  a  ray  line  passing  through  the  optic  center,  is  r^errtd  6aeJc 
aJbng  the  same  ray  line  to  its  true  place  in  space.  Thus  for  every  radimU  point  in 
the  object  there  is  a  corresponding  focal  point  in  the  retinal  imaoe,  and  «firt 
focal  point  is  referred  back  along  its  ray  line  to  its  corresponding  ra&nli  mA  ttie 
external  image  (object)  is  thus  re-constructed  in  its  proper  position.  0^  il  wtf  be 
otherwise  expressed  thus :  Space  in  front  of  us  is,  under  all  ciroiiiBMHHk  an 
outward  projection  of  retinal  states.  With  the  eyes  open^  the  field  oCflHfavii.lbe 
outward  projection  of  the  active  state ;  with  the  eyes  shU^  the  field  ol  iMutm  is 
an  outward  projection  of  the  passive  state  of  the  retina.  Thus  lilt  iMIlviial 
retinal  concave  with  all  its  states  is  projected  outward  and  beoomee  llli  tthmil 
spatial  concave,  and  the  two  correspond  point  for  point.  Now  the  linw  MMMct- 
ing  the  corresponding  points  internal  and  external  intersect  each  odMr  «l  Hie 
optic  center,  and  impressions  reach  the  retina  and  are  referred  back  into  iptce 
along  these  lines.  This  would  give  the  true  position  of  all  objects  and  ndfante, 
and  therefore  completely  explains  erect  vision  with  inverted  retuial  image. 

The  law  of  corresponding  points  may  be  thus  briefly  expressed :  Imagine  the 
two  eye-balls  placed  together  in  such  wise  that  they  geometricaUy  coincide 
throughout,  tlion  the  coincident  points  of  the  two  retinje  are  what  are  called 
corresponding  points.  Now  the  law  of  corresponding  points  declares  that  image? 
or  impressions  of  any  kind  falling  upon  corresponding  points  of  the  two  retiiwe 
are  referred  back  to  the  same  place  in  space  and  therefore  seen  single,  while 
impressions  falling  on  non-corresponding  points  are  seen  double.  The  determina- 
tion of  the  horopter,  as  a  geometric  problem,  is  the  determination  of  the  surface  or 
line,  the  ray  linos  from  every  point  of  which  would  impress  corresponding  points 
of  the  retinae. 
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vision  both  mooocalar  and  binocular.  The  law  of  visible 
direction  does  indeed  explain  all  the  ordinary  phenomena  of 
single  vision  with  two  eyes  ;  for  in  all  ordinary  cases  of  single 
vision — in  all  ordinary  voluntary  acts  of  binocular  sight — in  all 
cases  of  vision  of  objects  lying  in  the  horopter  (whether  this  be 
a  line  or  a  surface),  since  ray  lines  from  an  object  or  radiant 
come  to  each  eye  from  the  same  spot  in  space,  by  the  law  of 
direction  the  two  images  must  be  referred  back  along  these 
ray  Unes  to  the  same  spot  and  therefore  superposed  and  seen 
nngU,  Thus  single  vision  becomes  in  these  cases  a  necessary 
result  of  the  law  of  direction,  and  the  law  of  corresponding 
points  becomes  only  a  particular  case  of  the  more  general  law 
of  direction. 

But  in  all  cases  of  dotihle  images,  the  apparent  position  of 
these  to  the  binocular  observer  is  always  different,  and  in  some 
cases  very  different  from  the  true  position  of  the  object  which 
they  represent  The  difference  may  amount  even  to  45°.  For 
example :  The  binocular  field  of  view  in  my  own  case  is  about 
100°  in  a  horizontal  direction.  By  strong  convergence  I  can 
almost  wholly  obliterate  this  common  field.  In  such  case  the 
images  of  objects  lying  near  the  extreme  mai^ns  of  the  com- 
mon field,  and  therefore  at  least  90°  apart,  are  brought  together 
and  united  in  the  middle,  and  seen  apparently  directly  in 
firont;  while  objects  really  in  front  are  doubled  and  their 
images  are  separated  90°  from  each  other,  and  each  45°  from 
the  true  position  of  the  object  which  they  represent 

Fig.  S  represents  the  actual  position  of  parts  in  this  experi- 
ment, B  and  L  being  the  right  and  left  eye  respectively,  N  the 


not  of  the  nose,  a  a'  objects  in  the  visual  line  45°  to  the  right 
ind  leift,  M  N  the  median  line  and  M  an  object  in  front ;  and 
fiTore  4  ifl  the  visual  result  represented  by  my  method.  It 
mil  be  seen  by  comparing  the  two  figures  that  the  two  eyes 
B  and  L  are  combined  and  rectified  to  form  the  single  binocular 
eye  E,  the  visual  lines  Ba  and  La'  become  the  commou  visoaX 
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line  A  E,  the  objects  a  and  a'  combine  at  A,  while  the  median 
line  and  the  object  M  are  doubled  and  the  images  of  the 
latter  are  seen  at  m  and  m'.* 

It  is  true  that  in  the  case  of  the  objects  a  and  a'  seen  directly 
in  front,  it  may  be  argued  that  this  visual  result  is  not  in  viola- 
tion of  the  law  of  visible  direction,  but  is  in  fact  easily 
explained  by  that  law.  For  if  the  combined  images  be  referred 
to  the  point  of  ocular  convergence  (c,  fig.  8)  as  in  fact  they 
often  are,  theti  each  eye  sees  its  own  object  in  the  true  direction 
but  only  mistakes  their  distance.  To  this  I  answer,  that  each 
eye  does  indeed  give  the  true  direction,  as  is  quickly  shown  by 
shutting  one  eye,  but  the  two  eyes  do  not  Each  eye  sees  its 
own  object  in  the  true  direction,  but  the  binocular  observer  sees 
their  combination  in  a  wrong  direction.  The  law  of  direction 
is  true  in  all  cases  in  monocular  vision,  but  is  not  always  true 
in  binocular  vision.  In  the  case  of  the  double  images  m  and  m' 
of  the  object  M,  it  is  still  more  difficult  to  explain  their 
apparent  position  by  the  law  of  direction. 

I  suppose,  however,  that  in  all  cases  of  ocular  convergence  it 
may  be  possible  by  an  ingenious  device  to  save  the  law  of 
direction ;  but  in  the  case  of  ocular  divergence  it  is  impossible 
by  any  device  to  explain  the  position  of  double  images  oy  that 
law.  The  position  of  images  in  this  case  is  in  direct  violation 
of  that  law  ;  the  laws  of  direction  and  of  corresponding  points 
are  in  contradiction  to  each  other  and  the  law  of  correspond nx<j 
points  prevails.     This  we  now  proceed  to  show. 

We  have  seen,  p.  160  and  figs.  1  and  2,  that  in  drowsiness  the 
optic  axes  may  diverge  20",  and  that  in  such  cases  the  double 
images  of  an  object  in  front  are  seen  right  and  left  10°  from 
the  real  position  of  the  object  which  they  represent;  and  on 
the  other  hand,  that  objects  really  in  the  direction  of  the  visual 
lines,  and  therefore  20  apart,  are  combined  and  seen  directly 
in  front.  Unfortunately,  we  cannot  diverge  the  optic  axes 
voluntarily  and  therefore  cannot  make  experiments  of  this 
kind  at  will  :  but  by  pressing  the  eye-balls  on  their  outer  side 
the  axes  may  be  made  to  diverge  considerably.  By  strong, 
almost  painful  pressure  on  the  outer  portion  of  both  eye-balls,  I 
have  succeeded  in  making  the  double  images  of  an  object 
directly  in  front  separate  50°,  and  those  of  objects  50°  apart 
combine  directly  in  front  There  can  be  no  doubt  that  if  we 
could  turn  our  eyes  directly  outward,  or  if  our  eyes,  retaining 

*  By  comparing  these  fig:ures  with  i\\o<Q  of  my  previous  paper,  it  wUl  be  seen 
that  I  have  modified  slightly  the  mode  of  representation  by  including  the  parts  of 
the  face  itself  in  the  rotation,  as  well  as  in  the  shifting^  of  the  field  of  view  of  each 
eye.  In  amvergence  this  brings  the  two  images  of  the  nose  nearer  together  in 
front  and  thus  narrows  the  common  field,  which  is  exactly  what  actuaUy  happens. 
In  divergence,  on  the  contrary,  the  double  images  of  the  nose  separate  and  the 
common  field  is  widened. 
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their  present  organization,  were  transferred  to  the  sides  of  our 
heads,  with  their  axes  directed  straight  right  and  left,  and 
therefore  making  an  angle  of  180°  with  each  other,  images  of 
objects  in  the  direction  of  these  axes,  and  therefm^e  directly  right  and 
lej%  wovM  he  moved  round  90°  each  and  combined  and  seen  directly 
in  front  This  seems  an  extraordinary  result,  but  is  a  necessary 
consequence  of  the  law  of  corresponding  points.  The  retinal 
images  of  the  two  objects  are  on  corresponaing  points;  by  the 
law  of  corresponding  points,  therefore,  they  muflt  be  seen  as 
one.     But  where  else  can  this  take  place  but  in  front 

The  forgoing  results,  as  extraorainary  as  they  may  seem,  are 
completely  explained  bv  the  principles  brought  out  in  my 
previous  papers,  especially  that  "  On  the  mode  of  representing 
the  position  of  double  images,"  and  that  "On  so-called  images 
of  illusion."*  Those  who  have  read  these  papers  will  remem- 
ber that  I  have  there  shown  that  there  are  two  apparent  move- 
ments of  the  field  of  view  accomplished  by  the  eyes  in 
binocular  vision.  The  first  is  a  bodily  shifting  of  the  field  of 
the  right  eye  one-half  interocular  distance  to  the  left,  and 
of  the  field  of  the  left  eye  the  same  distance  to  the  right ;  so 
that  the  two  eyes  are  brought  together  in  the  middle  and  com- 
bined to  form  a  single  binocular  eye^  and  the  two  visual  lines 
combined  to  form  a  common  visual  line.  This  movement  is 
habitual  and  involuntary,  but  it  produces  little  change  in  the 
apparent  position  of  objects  unless  they  be  very  near.  The 
second  is  a  rotation  of  the  whole  field  of  view  of  both  eyes 
about  the  optic  center,  whenever  the  two  eyes  move  in  opposite 
directions,  as  in  convergence  or  divergence.  This  rotation  is 
always  in  a  direction  opposite  to  the  motion  of  the  eyes,  and 
therefore  homonymous  in  convergence  and  heteronymous  in 
divergence.  It  is  this  movement  which  changes  so  greatly  the 
apparent  position  of  all  objects  in  the  field  of  view  under  the 
conditions  mentioned,  and  it  is  this,  therefore,  which  concerns 
us  in  the  explanation  of  the  phenomena  related  above.  In 
monocular  vision,  as  also  in  binocular,  when  the  eyes  move 
together  right  or  left,  up  or  down,  external  objects  seem 
stationary,  and  the  visual  lines  seem  to  move  across  them. 
But  in  binocular  vision,  when  the  two  eyes  move  in  opposite 
directions,  the  visual  line  seems  to  remain  stationary  (i.  e.,  we 
seem  to  look  in  the  same  direction),  while  external  objects  or 
their  images  seem  to  move.  In  converging  or  diverging  the 
optic  axes,  the  external  images  belonging  to  each  eye,  like 
trooping  shadows,  seem  to  sweep  in  opposite  directions,  toward 
each  other  in  convergence,  away  from  each  other  in  divergence. 
As  the  visual  lines  actually  approach  and  sweep  across  objects 
successively,  the  images  of  these  objects  seem  to  advance  and 

•This  Jour.,  ITT,  vol.  i,  p.  33,  and  vol.  ii,  pp.  314  and  417. 


take  their  jiIhocb  suocessively  in  I'iMiit  ijf  itie  oliserver.  And 
this  18  true  whatever  the  decree  of  convei^ence  or  divei^nce. 
In  all  cases,  whatever  be  tLe  position  of  the  eyes,  objects  in 
the  visual  lines,  and  whose  retina)  \uiagea  therefore  fell  on  tlie 
central  spots  of  the  retinae,  are  seen  in  front.  If  therefore  ibe 
two  eyes  could  be  turned  directly  outward,  or  if  the  eyes  were 
placed  on  the  aides  of  the  head  so  that  the  optic  axes  were 
directed  straight  right  and  left,  objects  directly  right  and  left 
■would  be  seen  in  front,  and  therefore  ftO"  from  their  true 
position. 

IX.     Comparative  Physiology  of  Binocular  Vision. 

For  many  years  past  I  have  reflected  much,  and  attempted 
to  make  some  observations,  on  the  phenomena  of  ^nsion  of 
lower  animals,  for  the  purpose  of  testing  the  existeuee  or  non- 
existence  of  binocular  vision  in  them.  I  must  frankly  coafeas 
I  have  «ccompli9he<t  but  little.  The  phenomena  of  binocular 
vision  are  so  esaentially  subjective,  that  it  seems  almost  impos- 
sible to  reach  any  saliafactory  results  by  observations  or  ei- 
periment  As  the  subject,  however,  as  I'&r  aj3  I  know,  has 
never  been  touched,  I  will  bring  forward  my  somewhat  crude 
thoughts,  in  the  hope  that  others  may  follow  them  up  wilb 
more  success. 

In  man  the  axes  of  the  conical  eye-sockets  diverge  about 
26°,  or  each  makes  an  angle  with  the  median  line  of  about  12°, 
In  these  slightly  diverging  conical  sockets,  the  eye-balls  are  so 
placed,  and  themuscles  so  adjusted,  that  in  the  waking  passive 
state  their  axes  are  parallel ;  and  from  this  passive  parallel 
condition  they  may  easily  be  convei^ed  even  upon  very  near 
objects.  In  man,  then,  though  the  eye-socketa  still  diverge 
considerably,  the  eyes  are  set  in  front  with  axes  naturaltv 
parallel.  'Phis  is  evidently  the  position  most  suitable  for 
binocular  vision. 

In  monkeys  the  position  of  the  eyes  is  much  the  same  as  in 
man.  They  are  placed  well  in  front,  near  together,  their  axes 
apparently  parallel,  and  therefore  well  adapted  to  binocular 
convergence.  But  as  we  go  down  the  vertebrate  scale,  the 
eyes  are  placed  wider  and  wider  apart:  the  axes  of  the  eye- 
sockets  divei^e  more  and  more,  the  difficulty  of  convergeoce 
upon  a  near  point  becomes  greater  and  greater,  until  in  some 
mammals,  such  as  the  Cetaceie,  in  most  biros  and  in  all  fishes,  the 
eyes  are  placed  no  longer  in  front,  but  on  the  sides  of  the  head, 
with  their  optic  axes  inclined  nearly  or  quite  180°  to  each 
other.  It  seems  auite  evident  that  animals  with  eyes  sn  placed 
cannot  converge  tne  optic  axes  on  a  single  point,  especially  a 
near  point.  In  fact,  it  is  weJJ  known  tdat  most  birds,  when 
viewing  an  object  very  attentively,  turn  the  head  on  one  side 
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and  lock  tvith  one  eye.  It  seems  impossible  that  the  law  of 
corresponding  points  can  exist  for  these  animals  ;  for  if  it  did, 
as  we  have  already  seen  (p.  167),  it  would  only  lead  to  constant 
and  fatal  mistakes  as  to  the  position  of  external  objects.  In  a 
word,  it  is  impossible  that  these  animals  can  enjoy  a  true  bi- 
nocular vision,  with  its  double  and  its  combined  images,  its 
stereoscopic  eflFects,  and  the  complex  but  accurate  visual  judg-. 
ments  founded  on  these  effects.  They  see  indeed  with  two 
eyes ;  but  these  do  not  act  together  as  one  instrument — as  a 
smgle  binocular  eye ;  they  are  independent  and  see  each  for 
itself.  This  is  the  case  with  the  other  senses  even  in  man. 
However  much  their  oi'gans  may  be  multiplied,  each  organ 
perceives  for  itself.  The  property  of  corresponding  points, 
from  which  arise  all  the  phenomena  of  binocular  vision,  is 
something  peculiar  to  the  eye.  Nothing  analogous  exists  in 
the  other  senses.  Binocular  vision  in  its  perfection,  as  it  exists 
in  man,  is  the  last  result  of  the  gradual  improvement  of  that 
most  refined  and  wonderful  instrument,  the  eye ;  specially  adapt- 
inff  it  to  meet  the  wants  of  the  higher  faculties  of  the  mind. 

jfeelow  the  vertebrates,  of  course,  binocular  vision  does  not 
and  cannot  exist 

There  \a  another  peculiarity  of  the  human  eye,  probably 
closely  connected  with  binocular  vision,  which  still  more  quickly 
disappears  as  we  go  down  the  vertebrate  scale.  I  refer  to  the 
existence  of  the  so-called  yellow  spot  or  central  spot  of  the 
retina. 

It  is  well  known  that  in  the  very  center  of  the  retina,  just 
where  the  optic  axis  or  continuation  of  the  visual  line  pierces 
the  retina,  and  therefore  just  where  the  images  of  objects  in  the 
visual  line  fall,  there  is  a  small  depression  about  jV  i'^ch  in 
diameter,  bordered  by  a  yellow  margin.  This  depression  is 
called  the  central  spot  It  is  the  most  highly  organized  and 
most  sensitive  spot  of  the  retina.  It  differs  from  other  portions, 
1st,  in  the  fact  that  here  the  layer  of  rods  and  cones,  the  true 
receptive  organ  of  the  retina,  is  not  covered  by  the  fibrous  layer, 
but  directly  exposed  to  the  impression  of  light;  and  2d,  in  the 
fact  that  here  tne  cones  are  much  smaller  and  more  numerous 
than  elsewhere. 

Now  it  is  a  familiar  fact  that  whUe  gazing  steadily  at  a  cer- 
tain point  we  see  very  clearly  only  a  very  small  area  about  the 
point  of  sight.  This  small  area  corresponds,  point  for  point, 
to  the  central  spot  of  the  retina.  If  now,  while  gazing  steadily, 
we  observe  the  relative  distinctness  of  vision  in  other  portions 
of  the  field  of  view,  we  shall  find  that  it  becomes  less  and  less 
distinct  in  proportion  as  the  point  observed  is  more  distant  from 
the  line  of  sight  In  other  words,  there  is  a  perfect  graduation 
of  distinctness  from  the  point  of  sight,  where  it  is  greAtes^t,  to  tVv^ 
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margins  of  the  visible  lield,  where  it  is  least.  Now  as  the  retina 
corresponds  with  the  visible  field  point  for  point,  it  iollows 
that  there  ia  a  correapondi ng  graduation,  certainly  in  sensitive- 
ness, probably  in  fineness  of  organization  of  the  receptive  iafer 
of  the  retina,  from  the  centra!  spot  even  to  the  extreme  anterior 
margin.  Except  in  the  central  spot  this  increasing  fineness  of 
organization  has  not  been  demonstrated,  but  it  doubtless  exists, 
for  the  increasing  distinctness  of  vision  toward  the  jxiint  of 
sight  is  its  effect  and  its  representative  in  the  field  ot  view. 

As  we  go  down  the  vertebrate  scale,  the  central  spot  is  found 
onlv  in  some  monkeys.  After  a  total  absence  in  other  mammals 
anJ  in  all  birds,  it  is  said  to  reappear  in  some  lizzards;  but 
whether  it  there  has  the  same  structure,  and  therefore  the  same 
significance,  as  in  the  human  eye  is  not  certain.  It  seems  ftir 
to  conclude,  therefore,  that  the  graduation  of  distinctness  toward 
the  point  of  ai^ht  and  the  limitation  of  the  greatest  distinctness 
to  that  point,  do  not  exist  in  most  of  the  lower  animal& 

The  importance  of  the  central  spot  in  the  highest  animals, 
and  especially  in  man,  is  very  evident  The  limitation  of  the 
greatest  distinctness  to  the  point  of  sight  is  absolutely  necessarj 
to  the  cojtceritnition  and  limitation  of  (he  most  tiitnightful  attenUoii 
to  that  point.  If  all  portions  of  the  retina  were  similarly  or- 
ganized, and  therefore  all  points  in  the  tield  of  view  equally  dis- 
tinct, it  vould  be  impossible  to  fix  the  attention  steadily  and 
thoughtfully  on  any  one  point  to  the  exclusion  of  others.'  We 
might  see  equally  well  and  over  a  wider  field,  but  we  could  nol 
foo*  attentively.  We  could  not  observe  thoughtfully.  But  in  the 
lower  animals,  especially  those  which  are  preyed  upon  by  others, 
it  is  far  more  important  to  see  well  in  every  direction  than  to 
fix  the  attention  too  exclusively  on  one  point ;  the  advantages 
of  exquisite  microscopic  distinctness  of  the  center  of  the  field  is 
sacrificed  for  the  mucn  greater  advantages  of  moderate  distinct- 
ness over  a  very  wide  field.  The  most  important  thing  for  them 
18  a  very  wide  field,  and  the  equal  distribution  of  attention  over 
every  part  Hence  their  eyes  are  prominent,  set  wide  apart 
on  the  margins  of  the  front  or  on  the  sides  of  the  head,  and  desti- 
tute of  centra!  spot ;  so  that  they  sweep  the  whole  horizon  and 
see  a!!  parts  witn  nearly  equal  distinctness. 

The  connection  of  the  central  spot  with  binocular  vision  is 
also  quite  evident.  These  central  spots  are,  more  than  all 
others,  endowed  with  the  properties  of  corresponding  poiots, 
and  the  somewhat  complex  binocular  judgments  expressed  bv 
the  words  "stereoscopic  perspective"  are  accurate  and  reliable 
only  in  the  vicinity  of  tne  point  of  sight.  This  is  the  great 
difficulty  in  the  way  of  experimental  determination  of  the 
horopter,  as  already  explained  in  one  of  my  early  papers.* 
*  "RiiB  Jour.,  II,  Tol.  ilvii,  p.  163. 
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The  following,  then,  are  the  general  changes  in  the  verte- 
brate eye,  as  we  go  up  the  scale:  1.  A  gradual  change  of  the 
position  of  the  eyes  from  the  sides  to  the^on^  of  the  head,  and  a 
consequent  change  of  the  angle  of  inclination  of  the  optic  axes 
from  180®  to  parallelism.  2.  A  gradually  increasing  gradua- 
tion of  the  fineness  of  organization,  and  therefore  the  sensi- 
tiveness of  the  retina,  from  the  anterior  margins  toward  the  cen- 
tral parts,  so  as  finally  to  form  in  monkeys  and  in  man  a  cen- 
tral spot  8.  A  gradually  increasing  power  of  converging  the 
optic  axes  upon  a  single  near  point,  so  that  the  images  of  that 
point  may  fall  upon  the  central  spots  of  both  eyes.  4.  The 
gradual  evolution  of  the  properties  of  corresponding  points, 
and  therefore  of  all  the  distinctive  phenomena  of  binocular 
vision. 

These  changes  seem  all  intimately  connected  with  each  other 
and  with  the  development  of  the  liigher  faculties  of  the  mind. 

Oakland,  OaL,  Oct  26,  1874. 


Art.  XIX. — Jeffries  Wyman,  Address  of  Professor  A.  Gray 
at  the  Memorial  Meeting  of  the  Boston  Society  of  Natural 
History,  Oct  7,  1874.* 

[Gonduded  from  page  93.] 

In  attempting  these  analyses,  I  am  drifting  into  a  fault  which 
Prof.  Wyman  never  committed,  that  of  being  too  long.  So  I 
must  leave  many  of  his  papers  unmentioned,  and  barely  refer 
to  two  or  three  others  which  cannot  be  passed  over.  The  most 
noteworthy  of  the  shorter  papers,  however,  are  upon  less  tech- 
nical or  more  generally  interesting  topics,  so  that  we  have  need 
only  to  be  reminded  of  them.  Among  them  are  his  '*  Observa- 
tions on  the  Development  of  the  Surinam  Toad,"  and  the  same 
o{  ^^ Anableps  Gronovit]^^  and  the  paper  "On  some  unusual 
Modes  of  Gestation."  The  importance  of  these  papers  lies, 
not  in  being  accounts  of  some  of  the  most  striking  curiosities 
of  the  animal  world,  but  in  the  sagacity  and  quickness  with 
which  he  discerned,  and  the  clearness  with  which  he  taught, 
the  lessons  to  be  learned  from  them.  Any  good  zoologist,  with 
the  same  excellent  opportunities,  would  have  worked  out  all 
the  details  of  the  development  of  the  Surinam  toads  in  the 
skin  of  the  back  of  their  mother,  and  would  equally  have 
noted  the  morphological  significance  of  the  branchiae  and  tail, 
that  are  never  to  know  any  thing  of  the  element  they  are 
adapted  for;  but  Dr.  Wyman  remarks  upon  the  development 
of  tne  limbs  independently  of  the  verteoral  axis,  as  showing 

*  From  the  '*  Prooeedings"  of  the  Society. 
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tliat,  whatever  view  be  takeo  of  their  homology,  tbey  are 
something  superadded  to  it,  and  not  evolved  from  it ;  he  noi« 
how  the  whole  yelk-mass  is  moulded  into  a  spiral  intestine; 
and  that  the  embryo  at  the  end  of  incubation  forms  a  lai^et 
and  heavier  mass  than  existed  in  the  egg  when  it  commenced, 
— showing  that  there  was  an  absorption  of  material  furnished 
by  the  dermal  sac  of  the  mother, — "a  solitary  instance  among 
Batrachians,  if  not  among  Reptiles  generally,  in  which  the 
embryo  is  nourished  at  the  expense  of  materials  derived  from 
the  parent"  From  this  Le  is  led  (in  the  later  paper  above 
mentioned)  to  infer  the  probability  ttiat  the  developed  larva 
of  l/ylodes  linealus, — carried  about  inland  upon  the  back  of 
their  mother,  and  destitute  of  limbs  adapted  to  terrestrial  loco- 
motion,—  may  depend  upon  a  secretion  from  the  body  for  need- 
ful sustenance — an  interesting  and  rudimentary  foreshadowing 
of  mammalian  life,  of  whi^^h  he  discerned  the  bearings. 

His  "Description  of  a  Double  Foatus"  (in  the  Boston  Med- 
ical and  Surgical  Journal,  Maruh,  ISttfi)  gives  him  the  oppor- 
tunity of  briefly  recording  some  of  the  results  of  his  studies  of 
the  development  of  double  monsters,  and  to  bring  out  his  view, 
that  "  the  force,  whatever  it  be,  which  regulates  the  symmet 
rical  distribution  of  matter  in  a  normal  or  abnormal  embrj'o, 
has  its  i^iuiloLiy,  if  iutywhore.  i[i  tlu.^,>  known  -as  pohir  forc^'^;" 
that  "studying  the  subject  in  the  most  general  manner,  there 
are  striking  resemblances  between  the  distribution  of  matter 
capable  of  assuming  a  polar  condition  and  free  to  move  around 
a  magnet,  and  the  distribution  of  matter  around  the  nervous 
axis  of  an  embryo."  That  this  is  not  one  of  those  vague  con- 
ceptions by  which  many  speculators  set  about  to  explain  that 
of  which  they  know  little  by  means  of  that  of  wbicb  tbey 
know  less,  but  that  be  had  striking  parallelisms  to  adduce,  the 
close  of  this  striking  paper  shows. 

The  subject  of  fore  and  hind  symmetry,  thus  brought  di- 
rectly under  notice,  had  been  broached  by  Dr.  Wyraan  several 
years  before.  He  returned  to  it  the  year  following,  in  his  veir 
important  morphological  paper,  "  On  Symmetry  and  Homoi- 
o(^  in  Limbs,"  read  to  this  society  in  June,  1667,  and  pub- 
lished in  the  Proceedings  of  that  date.  It  is  interesting  to  ob- 
serve with  what  caution  and  restraint  he  handled  this  doctrine 
of  "  reversed  repetitions,"  which  has  since  been  freely  devel- 
oped by  one  of  his  pupils,  who  has  a  special  predilection  for 
speculative  morphology.  Prof.  Burt  Wilder. 

Prof.  Wyman's  "  Notes  on  the  Cells  of  the  Bee,"  in  the 
Proceedings  of  the  American  Academy  for  January,  1866,  is 
a  characteristic  specimen  of  his  way  of  coming  directly  down 
to  the  facts,  and  making  them  tell  their  own  story.  I  could 
not  recapitulate  his  results  much  more  briefly  than  he  records 
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tn  in  his  paper.  I  need  not  recall  to  you  how  neatly  he 
ie  this  investigation,  and  represented  some  of  the  results, 
ng  the  comb  with  plaster-of-paris  and  then  cutting  it  across 
Iway,  so  that  the  observations  might  be  made  ana  the  cells 
Eisured  just  where  thev  are  most  nearly  perfect;  and  then 
nting  impressions  of  the  comb  upon  the  wood-block,  he  re- 
duces on  the  pages  of  his  article  the  exact  outlines  of  the 
Is,  with  all  their  irregularities  and  imperfections.  But  I 
not  refrain  from  citing  a  portion   of    his   remarks  at  the 

'  Here,  as  is  so  often  the  case  elsewhere  in  nature,  the  type- 
m  is  an  ideal  one  ;  and  with  this  real  forms  seldom  or  never 
Qcide.  ....  An  assertion,  like  that  of  Lord  Brougham, 
t  there  is  in  the  cell  of  the  bee  *  perfect  agreement*  between 
cry  and  observation,  in  view  of  the  analogies  of  nature  is 
re  likely  to  be  wrong  than  right ;  and  his  assertion  in  the 
e  before  us  is  certainly  wrong.  Much  error  would  have 
jn  avoided  if  those  who  have  discussed  the  structure  of 
bee's  cell  had  adopted  the  plan  followed  by  Mr.  Darwin, 
I  studied  the  habits  of  the  cell-making  insects  compara- 
bly, beginning  with  the  cells  of  the  humble-bee,  following 
h  those  of  wasps  and  hornets,  then  with  those  of  the  Mexi- 
L  bees  {Melipona),  and  finally  with  those  of  the  common 
e-bee.  In  this  way,  while  they  would  have  found  that  there 
I  constant  approach  to  the  perfect  form,  they  would  at  the 
3e  time  have  been  prepared  for  the  fact,  that  even  in  the 
I  of  the  hive-bee  perfection  is  not  reached.  The  isolated 
dy  of  anything  in  natural  history  is  a  fruitful  source  of 
3r." 

Liet  me  add  to  this  important  aphorism  its  fellow,  which  I 
re  from  him,  but  know  not  if  he  ever  printed  it  "  No  single 
€riment  in  physiology  is  worth  anything.^' 
The  spirit  of  these  aphorisms  directed  all  his  work.  It  is 
[1  exemplified  in  his  experimental  researches — the  last  which 
;an  here  refer  to, — upon  "The  formation  of  Infusoria  in 
led  solutions  of  organic  matter,  enclosed  in  hermetically 
led  vessels  and  supplied  with  pure  air,"  and  its  supplement, 
bservations  and  Experiments  on  living  organisms  in  heated 
ter,"  published  in  the  American  Journal  of  Science  and 
ts,  the  first  in  the  year  1862,  the  other  in  1867.  Milne-Ed- 
rds  could  not  have  known  the  man,  when  he  questioned  the 
uracy  of  the  first  series  because  they  do  not  agree  with 
se  of  Pasteur,  and  thought  the  difterence  in  the  results  de- 
ided  iipon  a  defective  mode  of  conducting  the  experiments. 
Dr.  Wyman  remarks  in  a  note  to  the  second  series,  "  the 
ent  experiments  of  Dr.  Child  of  Oxford,  and  those  reported 
this  communication,  are  sufficient  answer  to  the  criticisms 


of  M.  Edwards."  Then  as  to  his  thoroughness:  most  penons 
would  have  rested  on  Che  results  of  bis  thirty-three  well-de- 
vised experiments,  proving  "that  the  boiled  solutions  of  or- 
ganic matter  made  use  of,  exposed  only  to  air  which  has  passed 
Uirough  tubes  heated  to  redness,  became  the  seat  of  infusorial 
life :"  but  all  would  not  have  concluded  that,  at\er  all,  they 
"throw  but  little  light  on  the  immediate  source  from  whieli 
the  organisms  have  been  derived,"'  uor  would  many  have 
closed  an  impartial  summary  of  the  opposing  views  in  this  ju- 
dicial way  :— 

"  If.  OD  the  one  hand,  it  is  urged  that  all  or^nisDis,  in  so  iar 
as  the  early  history  of  them  is  known,  are  derived  from  ova, 
and  therefore  from  analogy  we  must  ascribe  a  similar  origin  to 
these  minute  beings  the  early  history  of  which  we  do  not  know, 
it  may  be  ui^ed  with  equal  force,  on  the  other  hand,  that  all 
ova  and  spores,  in  so  far  as  we  know  anything  about  them, 
are  destroyed  by  prolonged  boiling;  therefore  from  analogy 
we  are  equally  bound  to  infer  that  Vibrios,  Baclerians,  ett, 
could  not  have  been  derived  from  ova,  since  these  would  all 
have  been  destroyed  by  the  conditions  to  which  they  have 
been  subjected.  The  alignment  from  analogy  is  as  strong  in 
the  one  case  as  in  the  other." 

Returning  to  the  subject  again  a  few  years  later,  with  a  criti- 
cal series  of  twenty  experiments,  each  of  three,  five,  ten,  fifteen, 
or  even  twenty  flasks,  used  by  way  of  checks  and  comparisons, 
— a  rigorous  experimenter  would  have  been  satisfied  when  he 
had  proved  that  sealed  solutions,  subjected  to  a  heat  of  at  least 
212°  for  from  one  to  four  hours,  became  the  seat  of  iufusorial 
life,  at  least  of  such  as  Vibrios,  Bacterians  and  Monads,  while 
all  infusoria  having  the  faculty  of  locomotion  were  shown  by  a 
special  series  of  experiments  to  lose  this  at  a  temperature  of 
120°,  or  at  most  134°  Fabr  But  Prof  Wyman  carried  the 
boiling  up  to  Jive  hours,  and  in  these  flasks  no  infusoria  of  any 
bind  appeared.  The  question  of  abiogenesis  stands  to-day  ver, 
much  where  Prof  Wyman  left  it  seven  years  ago, 

I  must  omit  all  notice  of  the  ethnological  work  which  has 
occupied  his  later  years,  merely  referring  to  the  seven  Annaal 
Reports  of  the  Trustees  of  the  Peabody  Museum  of  American 
Archffiology  and  Ethnology,  of  which  he  was  curator.  The  last 
of  these,  issued  just  before  the  writer's  death,  contains  the  prin- 
cipal results  of  his  investigation  of  the  human  remains  he  col- 
lected in  the  shell-heaps  of  East  Florida,  and  convincing  evi- 
dence  of  the  cannibalism  of  those  who  made  them.  A  fuller 
memoir,  embodying  all  his  observations  of  the  last  six  winters 
upon  the  Florida  shell-mounds,  was  sent  to  the  printer  just  be- 
fore be  died. 
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The  thought  that  fills  our  minds  upon  a  survey  even  so  incom- 

Elete  as  this  is :  How  much  he  did,  how  well  be  did  it  all,  and 
ow  simply  and  quietly  !  We  knew  that  our  associate,  though 
never  hurried,  was  never  idle,  and  that  his  great  repose  of  man- 
ner covered  a  sustained  energy ;  but  I  suspect  that  none  of  us, 
without  searching  out  and  coUecting  his  published  papers,  had 
adequately  estimated  their  number  and  their  value.  There  is 
nothing  wrth-putting  about  them,  nothing  adventitious,  never 
even  a  phrase  to  herald  a  matter  which  he  deemed  important 

His  work  as  a  teacher  was  of  the  same  quality.  He  was  one 
of  the  best  lecturers  I  ever  heard,  although,  and  partly  because,  he 
was  the  most  unpretending.  You  never  thought  of  the  speaker, 
nor  of  the  gifts  and  acquisitions  which  such  clear  exposition  were 
calling  forth, — only  of'  what  he  was  simply  telling  and  showing 
you..  Then  to  those  who,  like  his  pupils  and  friends,  were  in 
personal  contact  with  him,  there  was  the  added  charm  of  a  most 
serene  and  sweet  temper.  He  was  truthful  and  conscientious 
to  the  core.  His  perfect  freedom,  in  lectures  as  well  as  in 
writing,  and  no  less  so  in  daily  conversation,  from  all  exagger- 
ation, false  perspective,  and  fictitious  adornment,  was  the 
natural  expression  of  his  innate  modesty  and  refined  taste,  and 
also  of  his  reverence  for  the  exact  truth. 

It  has  been  a  pleasure  to  learn,  from  former  college  students, 
who  hardly  ever  saw  him  except  in  the  lecture-room,  that  he 
gave  to  them  much  the  same  impression  of  his  gifls  and  graces, 
and  sterling  worth,  that  he  gave  us  who  knew  him  intimately 
— BO  transparent  was  he,  and  natural. 

With  all  his  quick  sense  of  justice,  and  no  lack  of  occasion 
for  controversy,  it  seemed  to  cost  him  no  effort  to  avoid  it  alto- 
gether. He  made  no  enemies,  and  was  surrounded  by  troops 
of  life-long  friends.  When  he  first  went  abroad,  in  1841,  he 
was  told  by  some  near  friends,  who  recognizetl  his  promise,  that 
a  chair  of  Natural  History  in  his  alma  mater  would  soon  have 
to  be  filled,  and  that  he  should  be  presented  as  a  candidate.  In 
the  winter  following  the  present  incumbent,  responding  to  an 
invitation  to  visit  Boston,  which  he  had  never  seen,  and  to  con- 
sider if  he  would  be  a  candidate,  then  first  heard  of  Wyman's 
name  and  of  his  friends*  expectations  or  hopes ;  whereupon  he 
dismissed  the  subject  from  his  mind.  Probably  he  felt  more 
surprise  than  did  Dr.  Wyman,  when  notified,  a  few  months 
afterward,  of  the  choice  of  the  Corporation.  The  exigencies 
of  the  Botanic  Garden  probably  overbore  other  considerations. 
I  doubt  if  Dr.  Wvraan  ever  had  an  envious  feeling.  Certain  it 
is  that  no  one  welcomed  the  new  professor  with  truer  cordiality, 
or  proved  himself  a  more  constant  friend. 

Li  these  days  it  is  sure  to  be  asked  how  an  anatomist,  physi- 
ologist, and  morphologist  like  Pro!  Wyman  regarded  the  most 
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remarkable  scientific  movement  of  bis  time,  tbe  revival  aoH 
apparant  prevalence  of  doctrinea  of  evolutioD.  As  might  be 
expected,  ne  was  neither  an  advocate  nor  an  oppooent  He  was 
not  one  of  those  persons  who  quickly  make  up  their  minds, 
and  announce  their  opinions,  with  a  confidence  inversely  pro- 
portionate to  their  knowledge.  He  could  consider  long,  and 
hold  his  judgment  in  suspense.  How  well  he  could  do  this 
Appears  from  an  early,  and  so  faras  I  know,  his  only  pubiisbed 
presentation  of  the  topic,  in  a  short  review  of  Owens  "Mono- 
graph of  the  Aye-Aye"  (in  Am  Journ.  Science,  Sept,  1863)— 
the  paper  in  which  Pro£  Owen's  acceptance  of  evolution,  but 
not  of  natural  selection,  was  promulgated.  Dr.  Wymau  com- 
pares Owen's  view  with  thatof  Darwin  (to  whom  he  fiad  already 
communicated  interesting  and  novel  illustrations  of  the  play  of 
natural  selection) ;  and  ha  aiids  some  acute  remarks  upon  a 
rather  earlier  speculation  of  Mr.  Agasaiz,  in  whinh  the  latter 
suggests  that  the  species  of  animals  might  have  been  created  af 
eggs  rather  than  as  adults.  He  states  tbe  case  between  the  two 
general  views  with  perfect  impartialitv,  and  the  bent  of  his  o»d 
mind  is  barely  discernible.  In  due  tfme  be  satisfied  binoself  aa 
to  which  of  them  was  the  more  probable,  or,  in  any  case,  the 
more  fertile  hypothesis.  As  to  this,  I  may  venture  to  take  the 
liberty  to  rcpfnt  tlu'  siiht^iQiu'c  of  a  conversation  which  I  h.id 
with  liim  some  time  after  the  death  of  the  lamented  Agassiz, 
and  not  long  before  his  own.  I  report  the  substance  onlj, 
not  the  words. 

Agassiz  repeated  to  me,  be  said,  a  remark  made  to  him  by 
Humboldt,  to  the  effect  that  Cuvier  made  a  great  mistake,  and 
missed  a  great  opportunity,  when  he  took  the  side  he  did  in  the 
famous  controversy  with  GeofFroy  St.  Hilaire ;  he  should  have 
accepted  the  doctrines  of  morphology,  and  brought  his  vast 
knowledge  of  comparative  anatomy  and  zoology,  and  his  un- 

Sualled  powers,  to  their  illustration,  Had  be  done  so,  instead 
gaining  by  his  superior  knowledge  some  temporary  and 
doubtful  victories  in  a  lost  cause,  his  preeminence  for  all  our 
time  would  have  been  assured  and  complete.  I  thought,  con- 
tinued Wyman,  that  there  was  a  parallel  case  before  me, — that 
if  Agassiz  had  brought  his  vast  stores  of  knowledge  in  zoology, 
embryol<^y,  and  paliPontolt^y,  his  genius  for  morphology,  and 
all  his  quickness  of  apprehension  and  fertility  in  illustration,  to 
the  elucidation  and  support  of  the  doctrine  of  the  progressive 
development  of  species,  science  in  our  day  would  have  gained 
much,  some  grave  misunderstandings  been  earlier  rectified,  and 
the  permanent  fame  of  Agassiz  been  placed  on  a  broader  and 
higher  basis  even  than  it  is  now. 

Upon  one  point  Wyman  was  clear  from  the  beginning.  He 
did  not  wait  until  evolutionary  doctrines  were  about  to  prevail, 
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before  he  judged  them  to  be  essentially  philosophical  and 
healthful,  "  in  accordance  with  the  order  of  Nature,  as  com- 
monly manifested  in  her  works,"  and  that  they  need  not  disturb 
the  foundations  of  natural  theology. 

Perhaps  none  of  us  can  be  trusted  to  judge  of  such  a  ques- 
tion impartially,  upon  the  bare  merits  of  the  case;  but  Wyman's 
judgment  was  as  tree  from  bias  as  that  of  any  one  I  ever  knew. 
Not  at  all,  however,  in  this  case  from  indifference  or  uncon- 
cern. He  was  not  only,  philosophically,  a  convinced  theist,  in 
aU  hours,  and  under  all  *' variations  of  mood  and  tense,"  but 
personally  a  devout  man,  an  habitual  and  reverent  attendant 
upon  Christian  worship  and  ministrations. 

Those  of  us  who  attended  his  funeral  must  have  felt  the  ap- 
propriateness for  the  occasion  of  the  words  which  were  there 
reaa  from  the  Psalmist : — 

"  The  Heavens  declare  the  glory  of  God,  and  the  firmament 
showeth  his  handy-work.  .  .  .  .  O  Lord,  how  manifold  are  thy 
works  I  In  wisdom  hast  thou  made  them  all :  the  earth  is  full 
of  thy  riches ;  so  is  this  great  and  wide  sea,  wherein  are  things 
creeping  innumerable,  both  great  and  small  beasts.  Thou 
senaest  forth  thy  spirit,  they  are  created,  and  thou  renewest  the 
face  of  the  earth." 

These  are  the  works  which  our  associate  loved  to  investigate, 
and  this  the  spirit  in  which  he  contemplated  them.  Not  less 
apposite  were  the  Beatitudes  that  followed : — 

Blessed  are  the  meek  ;  blessed  are  the  peace-inakers  ;  blessed  are 
the  merciful;  blessed  are  the  pure  in  heart 

Those  who  knew  him  best,  best  knew  how  well  he  exem- 
plified them. 


Art.  XX. — Brief  Contributions  to  Zoology  from  the  Museum  of 
Yale  College.  No.  XXXI. — The  Gigantic  Cephalopods  of  the 
North  Atlantic;  by  A.  E.  Verrill. 

(Oontinued  from  page  130.) 

A(XJOUNTS  of  an  attack  made  upon  two  men  by  another 
gigantic  cephalopod,  in  Conception  Bay,  Oct  27,  1873,  have 
been  publisned  in  this  Journal,*  and  in  many  other  magazines, 
as  well  as  in  the  newspapers.  In  the  encounter  the  monster 
lost  two  of  his  arms  by  amputation  with  a  hatchet.  A  portion 
of  one  of  these  arms,  measuring  nineteen  feet  in  length,  was 
preserved  by  Rev.  M.  Harvey  and  Mr.  Alexander  Murray  for 
the  museum  at  St  John's,  Newfoundland.  It  has  been  photo- 
graphed, and  cuts  copied  from  the  photograph  have  been  pub- 

*  See  voL  vii,  p.  168,  1874 ;  and  American  NatoraUst,  yoL  yUI,  No.  %  \^  VH^ 
febmarj,  1874,  in  a  letter  from  Mr.  Aiexander  Hurray. 
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lifibed  in  some  oF  the  English  magazines,*  Before  it  was 
secured  for  preservation  it  liaci  been  considerably  injured,  many 
of  the  larger  suckers  having  been  torn  oft'  or  mutilated.  Owing 
to  this  fact  they  were  originally  described  by  Mr.  Harvey  as 
destitute  of  marginal  denticulationa,  but  he  has  recently  re- 
examined the  specimen,  at  my  request,  and  now  informs  me 
that  he  is  satisfied  that  they  were  all  originally  denticulated 
Of  this  specimen  I  have  seen  only  the  photograph  and  some 
of  the  smaller  suckers. 

It  is  stated  that  six  feet  of  this  arm  bad  been  destroyed 
before  it  was  preserved,  and  the  captors  estimated  that  tliey 
left  from  six  to  ten  feet  attached  to  the  creature,  which  would 
make  the  total  length  between  31  and  S5  feet,  According  to 
Mr.  Murray,  the  portion  preserved  measured  but  17  feet  in 
length,  when  he  examineti  it,  Oct.  31,  1873,  after  it  had  been 
a  few  days  in  strong  brine;  the  circumference  of  the  slender 
portion  was  S'o  to  4  inches;  of  the  enlarged  sucker-bearing 
part,  6  inches ;  length  of  the  part  bearing  suckers,  SO  incli»i ; 
diameter  of  largest  sucker,  1-25  incbea  Calculating  from  the 
photograph,  the  portion  bearing  the  larger  suckers  was  about 
18  inches  in  length,  and  about  24  inches  broad,  across  ihe 
face;  distance  between  attachments  of  large  suckers,  1'68; 
outside  diameter  ut  larger  sucker.'^,  I'lli  to  V2S;  inside  diame 
ter,  '74  to  1  inch ;  diameter  of  small  suckers  of  the  outside 
rows,  -40  to  '48  of  an  inch.  Mr.  Harvey  has  recently  sent  to 
me  a  full  series  of  measurements  of  this  arm,  as  now  pre- 
served. It  has  contracted  excessively  in  the  alcohol,  and  is  now 
only  13  feet  and  one  inch  in  length  (instead  of  19  feet,  its 
original  length),  the  enlarged  sucker-beantig  portion  being  27 
inches :  the  large  suckers  occupy  12  inches;  the  terminal  part 
hearing  small  suckers,  9  inches  ;  circumference  of  slender  por- 
tion 8'5  to  4-25  inches;  of  largest  part  6  inches;  breadth  of 
fiice,  among  large  suckers,  2  6  inches;  from  face  to  back,  162 
inches;  diameter  of  largest  suckers  outside.  -75  of  an  inch; 
inside,  '63  of  an  inch.  It  will  be  evident  from  these  measure- 
ments, when  compared  with  those  made  while  fresh  and  from  i 
the  photograph,  that  the  shrinkage  has  been  chiefly  in  length,  ] 
the  thickness  remaining  about  the  same,  but  the  suckers  are  | 
considerably  smaller  than  the  dimensions  previously  givea 
Comparing  all  these  dimensions  with  those  of  the  Logic  Bay 
specimen,  and  calculating  the  proportions  as  nearly  aa  possible, 
it  follows  that  this  specimen  waa  very  nearly  one-third  larger 
than  the  latter,  but  the  large  suckers  appear  to  have  been  rela- 
tively smaller,  for  they  were  hardly  one-twelfth  larger  than  in 


fOKtcr  tiiMB,  while  the  front  part  ii  rodooed  about  four  times. 
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the  Logie  Bay  specimen.  As  the  relative  size  of  the  larse 
suckers  is  a  good  sexual  character  among  squids,  it  is  probable 
that  this  individual  was  a  female.  In  form,  proportions  and 
structure,  it  agrees  very  closely  with  the  specimen  first  described, 
and  therefore  I  do  not  hesitate  to  refer  it  to  the  same  species. 
The  fishermen  estimated  the  body  of  this  individual  to  have 
been  about  60  feet  in  length  and  6  feet  in  diameter;  but  if 
the  above  proportions  be  correct,  as  I  believe,  then  the  body 
could  not  have  been  more  than  about  10  feet  long,  and  2*6 
in  diameter,  and  the  long  arms  should  have  been  about  82  feet 
in  length.  Allowing  two  feet  for  the  head,  the  total  length 
would,  therefore,  be  about  44  feet. 

Another  specimen  (No.  3),  probably  of  the  same  species,  and 
similar  m  size  to  the  last,  was  captured  at  Coombs'  Cove,  New- 
foundland. The  following  account  has  been  taken  from  a  news- 
paper article  of  which  I  do  not  know  the  precise  date,  forwarded 
to  me  by  Professor  Baird,  together  with  a  letter,  dated  June  15, 
1873,  from  T.  R  Bennett,  Esq.,  of  English  Harbor,  N.  R,  who 
states  that  he  wrote  the  article,  and  that  the  measurements  were 
made  by  him,  and  are  perfectly  reliable. 

"  Three  days  aeo,  there  was  quite  a  large  squid  run  almost 
ashore  at  Coombs  Cove,  and  some  of  the  inhabitants  secured  it 
The  body  measured  10  feet  in  length  and  was  nearly  as  large 
round  as  a  hogshead.  One  arm  was  about  the  size  of  a  man's 
wrist  and  measured  42  feet  in  length ;  the  other  arms  were 
only  6  feet  in  length,  but  about  9  inches  in  diameter,  very  stout 
and  strong.  The  skin  and  fiesh  were  2'25  inches  thick,  and 
reddish  inside  as  well  as  out  The  suction  cups  were  all  clus- 
tered together,  near  the  extremity  of  the  long  arm,  and  each  cup 
was  surrounded  by  a  serrated  cage,  almost  like  the  teeth  of  a 
hand-saw.  I  presume  it  made  use  of  this  arm  for  a  cable,  and 
the  cups  for  anchors,  when  it  wanted  to  come  to,  as  well  as  to 
secure  its  prey,  for  this  individual,  finding  a  heavy  sea  was 
driving  it  ashore,  tail  first,  seized  hold  of  a  rock  and  moored  it- 
self quite  safely  until  the  men  pulled  it  on  shore." 

It  would  appear  from  this  description  that  one  of  the  long 
arms  had  been  lost  before  the  capture.  The  large  diameter  of 
the  short  arms,  compared  with  tneir  length,  and  with  the  size 
of  the  long  arms,  is  the  only  point  in  which  this  specimen 
apparently  diflered  essentially  from  those  described  above. 
Fossibly  the  circumference  was  intended,*  which  would  make 
the  proportions  agree  well  with  those  of  the  other  specimens. 

In  a  letter  from  Mr.  Harvey,  dated  Dec.  10,  1873,  he  says 
that  the  Speaker  of  the  House  of  Assembly  stated  to  him  that 

*  A  similar  mistake  actuallj  ooourred  in  the  description  of  the  long  arms,  in  the 
letter  from  Mr.  Murray,  published  in  the  American  Naturalist  for  February,  1873, 
p.  122,  zelerred  to  aboVe,  but  in  that  instaooe  the  error  was  very  obyious. 
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he  bad  measured  a  specimen  cast  ashore  in  Fortuoe  Bav,  whicli 
was  between  42  and  43  feet  in  lengtli,  the  body  and  head  to- 
gether being  between  12  and  IS  feet,  and  the  two  long  arms 
each  30  feet  Thia  we  mny  designate  as  No.  6. 
'  Dr.  Honeyman,  geologist  of  Nova  Scotia,  haa  published,  in  a 
Halifax  paper,  a  statement  made  to  him  by  a  gentleman  who 
claims  to  have  been  present  at  the  capture  of  another  specimen 
(No.  7)  in  the  Straits  of  Belle  Isle,  at  West  St  Modent,  on  the 
Labrador  side.  "  It  was  lying  peacefully  in  the  water  when  it 
was  provoked  by  the  push  of  an  oar.  It  looked  fierce  and 
ejected  much  water  from  its  funnel  i  it  did  not  seem  to  consider 
it  necessary  to  discharge  its  sejjia,  aa  mollusca  of  this  kind  geu- 
erally  do,  in  order  to  cover  tlieir  escape."  «  »  *  •  "The 
length  of  its  longest  arm  was  37  feet :  the  length  of  the  body 
15  feet ;  whole  length  62  feet.  The  bill  was  very  laj^e.  The 
suckers  of  its  arms  or  feet,  by  which  it  lays  hold,  about  2  inches 
in  diameter.  The  monster  was  cut  up,  salted,  and  barrelled  for 
dog's  meat."  In  this  account  the  length  given  for  the  "body" 
evidently  includes  the  head  also.  This  creature  was  probably 
disabled,  and  perhaps  nearly  dead,  when  discovered  at  the  sur- 
fiice,  and  this  seems  to  have  been  the  case  with  most  of  the 
specimens  hitherto  seen  living.     Animals  of  this  sort  proliahly 

Mr.  Harvey  also  refers  to  a  statement  made  to  him  by  a 
clergyman,  Rev.  M.  Gabriel,  that  two  specimens  (Nos.  8  and  9), 
measuring  respectively  40  and  46  feet  in  total  length,  were  cast 
ashore  at  Lamaline,  on  the  southern  coast  of  Newfoundland,  in 
the  winter  of  1870-71.  These  may  also  have  been  of  the  same 
species  as  those  described  above,  all  of  which  I  now  refer  to 
Archileuthis  monachvs  of  Sleenstrup. 

Mr.  Harvey  also  mentions,  in  a  recent  letter,  that  a  specimen 
was  cast  ashore  at  Bonavista  Bay,  December,  1872,  and  his 
informant  says  that  the  long  arms  measured  32  feet  in  length, 
and  the  short  arms  about  ten  feet  in  length,  and  were  "thicker 
than  a  man's  thigh.'"  The  body  was  not  measured,  but  he 
thinks  it  was  about  fourteen  feet  long,  and  very  stout  and  that 
the  lai^st  suckers  were  2"6  inches  in  diameter.  The  size  of 
the  suckers  is  probablv  exaggerated,  and  most  likely  the  length 
of  the  body  also.  It  is  even  possible  that  this  was  the  same 
ppecimeo  from  which  the  beak  and  suckers  described  in  my 
last  article,  as  No.  4,  from  Bonavista  Bay,  were  derived,  for  the 
date  of  capture  of  that  specimen  is  unknown  to  m&  The 
latter,  however,  was  much  smaller  than  the  above  measure- 
ments, and  it  will,  therefore,  be  desirable  to  give  a  special  num- 
ber (11)  to  the  former. 

Another  specimen,  which  we  may  designate  as  No.  12,  was 
cast  ashore  this  winter,  near  Harbor  Grace,  but  was  destroyeil 
before  its  value  became  known,  and  n<i  meo&ucemfinta  are  given. 
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Architeuihis  princeps  Verrill.  Plate  V,  figures  14,  15,  16. — 
•his  species  is  based  on  the  lower  jaw  mentioned  as  No.  1  in 
ly  former  papers,  and  on  the  upper  and  lower  jaws  designated 
3  No.  10,  in  the  first  part  of  this  article ;  besides  these  jaws 
e  only  have  the  rougn  measurements  of  the  body  of  No.  1, 
ad  an  estimate  of  the  diameter  of  the  sessile  arms.  The  jaws 
f  No.  10  were  obtained  from  the  stomach  of  a  sperm  whale 
iken  in  the  N.  Atlantic,  and  were  presented  to  the  Essex 
nstitute  by  Capt  N.  E.  Atwood,  of  Provincetown,  Mass.,  but 
le  date  and  precise  locality  of  the  capture  are  unknown.  The 
)rm  of  these  jaws  is  well  shown  in  figures  14  and  15.  The 
)tal  length  of  the  upper  jaw  (tig.  14)  is  5  inches ;  greatest 
readth,  1'45;  front  to  back,  3*5  inches;  width  of  palatine 
imina,  2*32.  The  fix)ntal  portion  is  considerably  broken,  but 
le  dorsal  portion  appears  to  extend  nearly  to  the  posterior  end, 
le  length  from  the  point  of  the  beak  to  the  posterior  edge 
eing  8'4  inches.  The  texture  is  firmer  and  the  lamina  are 
jlatively  thicker  than  in  A,  monachus.  The  rostrum  and 
lost  of  the  frontal  regions  are  black  and  polished,  gradually 
ecomiug  orange- brown  and  translucent  toward  the  posterior 
order,  and  marked  with  faint  stri»  radiating  from  the  tip  of 
le  beak,  and  by  faint  ridges  or  lines  of  growth  parallel  with 
le  posterior  margin ;  a  slight  but  sharp  ridge  extends  back- 
ard  from  the  notch  at  the  base  of  the  cutting  edge,  and  other 
«s  marked  ones  from  the  anterior  border  of  the  alae.  The  tip 
f  the  beak  is  quite  strongly  curved  forward,  and  acute,  with 
slight  shallow  groove,  commencing  just  below  the  tip,  on 
ich  side,  and  extending  backward  only  a  short  distance  and 
radually  fading  out  The  cutting  edge  is  nearly  smooth  and 
ell  curved,  the  curvature  being  greatest  toward  the  tip  ;  at  its 
ase  there  is  a  broad  angular  notch,  deepest  externally.  The 
iner  face  of  the  rostrum  is  convex  in  the  middle  and  concave 
r  excavated  toward  the  margins,  which  are,  therefore,  rather 
aarp.  The  anterior  borders  of  the  alse  are  convex,  or  rise  into 
broad,  but  low,  lobe  or  tooth  beyond  the  notch,  but  beyond 
lis  they  are  nearly  straight,  but  with  slight,  irregular  lobes, 
hich  do  not  correspond  on  the  two  sides.  The  anterior  edges 
f  the  alae  make  nearly  a  right  angle  with  the  cutting  edges  of 
le  rostrum.  The  palatine  lamina  is  broad,  thin,  and  dark 
rown,  becoming  reddish  brown  and  translucent  posteriorly, 
ith  a  thin,  whitish  border.  The  surface  is  marked  with 
nequal  divergent  striae  and  ridges,  some  of  which,  especially 
ear  the  dorsal  part,  are  quite  prominent  and  irregular ;  the 
osterior  border  has  a  broad  emargination  in  the  middle,  but 
le  two  sides  do  not  exactly  correspond.  The  lower  jaw 
jlate  V,  fig.  15)  was  badly  broken,  and  many  of  the  pieces, 
specially  of  the  alse,  are  lost,  but  all  that  remaiu  have  beeu 
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fitted  together.  The  extreme  length  is  S-63  inches;  the  total 
breadth,  and  the  distance  li-om  front  to  back,  cannot  be  ascer- 
tained, owing  to  the  absence  of  the  more  promineDt  parts  of 
the  aire  ;  from  tip  of  beak  to  posterior  dorsal  border  of  meDtuiu, 
1'68  ;  from  tip  of  beak  to  posterior  lateral  border  of  altp,  2'20; 
from  tip  of  beak  to  posterior  dorsal  border  of  gulsr  lamina, 
2-87;  from  tip  of  beak  to  bottom  of  notoh  at  its  base,  -80;  tip 
of  beak  to  inner  angle  of  gular  lamina,  185 ;  height  of  tooto 
from  bottom  of  notch,  '25 ;  breadth  between  teeth  of  opposite 
sidea,  '60;  from  front  to  back  of  gular  lamina,  in  middle.  1'75. 
The  rostrum  is  black,  with  liiinl  radiating  atrias,  and  with  slight 
undaktions  parallel  with  the  posterior  border;  the  beak  is 
acute,  slightly  incurved,  with  a  notoh  near  the  lip,  from  which 
a  very  evident  groove  runs  back  lor  a  short  distance,  while  a 
well  marked,  angular  ridge  starts  from  just  below  the  notch, 
and  descends  in  a  curve  to  the  ala,  opposite  the  lai^e  tooth, 
defining  a  roughened  or  slightly  corrugated  and  decidedly 
excavated  area  between  it  and  the  cutting  edges:  the  cutting 
edge  below  this  ridge  is  nearly  straight,  or  slightly  convex ; 
the  notoh  at  its  base  is  rounded  and  deep  and  strongly  ex- 
cavated at  bottom  ;  the  tooth  is  broad,  stout,  obtusely  roundeJ 
at  summit,  sloping  abruptlv  oti  the  side  of  the  notoh,  and 
gradually  to  the  ular  edge."  The  aiit'Tiur  ed^v  «{'  the  ;il*, 
beyond  "the  tooth,  is  rounded  .ind  strnii;_'lv  .il.|i,picly  ^triiite'i: 
it  makes,  with  the  cutting  edge,  an  angle  of  about  110°.  Tbe 
inner  surfaces  of  the  two  sides  of  tLe  internal  plate  of  tlie 
rostrum  form  an  angle  of  about  45°. 

Tbe  lower  jaw  of  No.  1  (plate  v,  fig.  16)  is  represented  only 
by  its  anterior  part,  the  alss  and  gular  laminsn  having  been  cut 
away  by  the  person  who  removed  ii  It  agrees  very  well  in 
form  and  color  with  the  corresponding  parts  of  the  one  just  de- 
scribed, but  is  somewhat  smaller.  The  lateral  ridges  of  the 
rostrum  are  rather  more  prominent,  and  the  area  within  it  is 
narrower  and  more  deeply  excavated,  especially  at  the  base  i>t 
the  notoh,  where  tbe  excavation  goes  considerably  lower  thim 
the  inner  mari^n.  The  notoh  is  narrower  and  not  so  muck 
rounded  at  its  bottom.  The  tooth  is  about  the  same  in  size  ns 
that  of  Na  10,  and  appears  to  be  even  more  prominent,  be- 
cause  the  ei^e  of  the  atte  is  more  concave  at  its  outei-  biise; 
it  is  also  more  compressed  and  less  regularly  rounded  at  sum- 
mit This  jaw  measures  TSO  inches  from  the  tip  to  tbe  pos- 
terior dorsal  border  of  mentum  ;  '65  from  tip  to  the  bottom  of 
the  notoh  ;  16  from  bottom  of  notoh  to  tip  of  the  tooth. 

Both  these  lower  jaws  agree  in  having  a  very  prominent 
tooth  on  tbe  alar  edge,  with  a  lai^e  and  deeply  excavated 
notoh  between  it  and  the  cutting  edge,  and  in  this  respect  differ 
from  the  two  lower  jaws  of  A.  mtmachna  in  my  poesession,  for 
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e  latter  the  tooth  or  lobe  is  low  and  broad,  and  scarcely 
inent,  while  the  notch  is  narrow  and  shallow.  This  seems 
3  the  best  character  for  distinguishing  the  jaws  of  the  two 
es.  But  they  also  differ  in  the  angle  between  the  alar 
and  the  cutting  edge  of  the  rostrum,  especially  of  the 
r  jaw,  for  while  in  A.  monachus  this  is  hardly  more  than  a 
.  angle,  in  A.  princeps  it  is  about  110°.  Moreover,  the 
er  color  and  firmer  texture  of  the  jaws  of  the  latter  seem 
3  characteristic. 

le  proportions  of  the  body  seem  to  be  quite  different,  if  we 
udge  by  the  measurements  given  of  the  specimen  (No.  1) 
h  was  found  dead  and  floating  at  the  surface  of  the  water, 
le  Banks  of  Newfoundland,  by  Capt  Campbell,  of  the 
Dner  B.  D.  Haskins,  from  Gloucester,  Mass.,  in  October, 

*  It  is  stated  that  this  specimen  was  measured,  and  that 
body  was  15  feet  long  ana  4  feet  and  8  inches  in  circum- 
ica  The  arms  were  badly  mutilated,  but  the  portions  re- 
ing  were  estimated  to  be  9  or  10  feet  long  and  about  22 
J3  in  circumference,   two  being   shorter  than   the  others. 

would  indicate  a  much  more  elongated  form  of  body  than 
of  A.  monachus.  If  these  proportions  be  correct,  the  body 
o.  10  must  have  been  about  19  feet  in  length  and  5  feet 
hes  in  circumferenca 

lis  specimen  is  probably  the  largest  invertebrate  hitherto 
illy  examined  by  any  naturalist 

>tes  on  specimens  described  by  other  writers, — We  are  mainly 
3ted  to  Professor  Steenstrup  and  "to  Dr.  Harting  for  our 
fledge  of  the  specimens  preserved  in  European  museums, 
ist  ashore  on  tne  European  coasts.  Professor  Steenstrup 
given  interesting  accounts,  compiled  from  contemporary 
ments,  of  a  specimen  taken  in  lo46,  and  of  two  s{)ecimens 
age  cephalopods  cast  ashore  at  Iceland  in  1639  and  1790, 
bas  also  described  and  figuredf  the  jaws  of  another  speci- 
of  A.  monachus,  obtained  at  Jutland  in  1868.  In  the 
memoir,  of  which  I  have  seen  only  the  first  part,  there 
eferences  to  a  description  and  figures  of  A.  Titan,  obtained 
S5,  by  Capt  Hygom,  in  N.  lat  31°,  W.  long.  76°.      The 

•  specimen  appears  to  be  the  same  that  Harting  j^  men- 
d,  under  the  name  of  "  Arddteuthis  dux  Steenstrup,"  as 
C5ted  at  the  same  time  and  place,  and  of  which  he  pub- 

•e  the  American  Naturalist,  vol.  vii,  p.  91,  Feb.,  1873. 

a  paper  of  which  I  have  onlj  seen  some  proof-sheeta,  g^ven  bj  him  to  Dr. 
rd,  entitled  "  Spolia  Atlantica."    Whether  this  memoir  has  been  published  I 

know.  The  plate  (i)  that  I  have  seen  is  marked  "  Vid.  Selsk.  Skiifter,  Y. 
),  naturv.  og  mathem.  Afd.  iv  Bind;"  and  there  are  references  to  three 
plates  illustrating  A.  Tttan,  etc. 

Mcription  de  quelquee  fragments  de  deux  C^phalopodes  gigantesques.  Pub* 
ar  TAcaddmie  Rojale  des  Sciences  k  Amsterdam.    1860.    4to,  with  three 
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liaheil  an  outline  figure  of  the  lower  jaw,  copied  from  a  draw- 
ing furaiflherl  to  him  by  Stecn strap.  Harting  states  that  the 
pen  or  ''glatiias"  of  this  specimen  is  six  feet  long.     Many  im- 

rrtant  parts  of  thia  specimen  were  secnred,  aud  I  regret  that 
have  Deen  unable  to  see  the  ^ures  and  description  of  it,  re- 
ferred to  by  Harting  as  forming  part  of  Pro£  Steenstrup's  me- 
moir, then  unpublished.  But  to  judge  by  the  outline  figure 
given  by  Harting,  it  is  a  species  quite  distinct  from  those  de- 
scribed above.  The  lower  jaw  resembles  that  of  A.  monacina 
more  than  --1.  princ^,  atid  is  a  little  larger  than  that  of  our 
No  5.  The  beak  is  more  rounded  dorsally,  less  acute,  and 
scarcely  incurved,  the  notch  is  narrow,  and  the  alar  tooth  ia 
not  prominent. 

Harting,  in  the  important  memoir  referred  to,  describes 
specimens  of  two  species,  botli  of  which  are  evidently  quite 
(fistinct  from  all  those  enumerated  above. 

The  first  of  tlieeie  (his  plate  i)  is  representod  by  the  jawa  and 
buccal  mass,  with  the  lingual  dentition,  and  some  detached 
suckers,  preserved  in  the  museum  of  the  University  of  Utrecht, 
but  from  an  unknown  locality.  These  parts  are  well  figured 
and  described,  and  were  referred  to  ArchiteitUtpt  dwx  by  Hart- 
ing, But  the  character  of  the  dentition  (plate  IV,  fig.  8)  is  so 
totally  dillerent  from  vi\\:\t  I  have  fiuind  in  .1.  im-Hiflnts  that 
it  will  be  necessary  to  refer  this  species  to  :i  liilU-ivui  yenus,  if 
not  to  a  distinct  family.  The  form  of  the  lower  jaw  is  quite 
unlike  that  of  A.  dax.  for  the  beak  is  very  acute,  the  cutting 
edge  is  concave,  the  notch  shallow  and  broad,  and  the  alar 
tooth  is  somewhat  prominent  The  size  is  about  the  same  aa 
our  No.  5.  The  suckers  figured  are  from  the  sessile  arms,  and 
agree  pretty  nearly  with  those  of  A.  monachus.  The  edge  is 
strengthened  by  an  oblique,  strongly  denticulated  ring.  The 
internal  diameter  of  the  largest  of  these  suckers  is -75  of  an 
inch;  the  external,  1-05  inches.  They  were  furnished  with 
slender  pedicels,  attached  obliquely  on  one  side.  The  lingual 
teeth  (see  fig.  8,  copied  from  Harting)  are  in  seven  regular 
rows,  and  resemble  closely  those  of  Loligo  (fig.  7).  In  fact,  I 
cannot  find,  in  the  figures  and  description,  any  charncter  by 
which  this  species  can  be  separated  from  Loligo,  and  at  the  same 
time  it  is  evident  that  it  is  a  speci.  s  distinct  from  all  others 
known.  I  would,  therefore,  propose  to  designate  it  by  the 
name  of  Loligo  Hartingii. 

The  other  species  described  by  Harting  was  from  the  Indian 
Ocean,  and  belongs  to  the  genus  Enoploteuihis. 

Mr.   Kent,  in  the  article  already  referred   to,*  mentions  a 
sessile  arm  of  a  giant  cephalopod,  which   has  been  long  pre- 
served in  the  British  Museum,   but  of  which    the   origin  is 
*  ProceedingB  Zoological  Sodet?  ol  LoudoD  for  IVH,  p.  t18. 
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unknown.  He  states  that  it  is  9  feet  long ;  11  inches  in  cir- 
cumference at  the  base,  tapering  oflf  to  a  fine  point.  There  are 
from  145  to  150  suckers,  in  two  alternating  rows,  those  at  the 
base  beinff  half  an  inch  in  diameter.  The  relatively  small  size 
of  the  suckers  and  great  length  of  the  arms  show  that  this  arm 
cannot  belong  to  the  same  species  as  our  Architeuthis  monachusj 
which  Mr.  Kent  thought  probable.  But  as  the  arms  of  A. 
princeps  and  Loltgo  Hartingn  are  still  unknown,  it  might  belong 
to  one  of  those  species;  or  it  may  belong  to  the  species 
observed,  but  not  captured,  by  the  officers.of  the  "  Alecton,"in 
1861,  near  Teneriffe,  and  named  Loligo  Bouyeri  by  Crosse  and 
Fischer,  but  known  only  from  the  imperfect  descriptions  of  it 
given  by  the  oflScers,  ana  a  sketch  of  it  prepared  while  the 
crew  were  making  unsuccessful  attempts  to  get  it  on  board. 

The  body  of  this  one  was  estimated  at  15  to  18  feet  in  length, 
with  the  arms  somewhat  shorter. 

Explanation  or  Platib. 

Plate  T. — Figure  14.  Upper  jaw  of  Architeuthis  princepaY ,  (No.  10);  natural  size, 
flgpire  15.  Lower  jaw  of  the  same.    The  dotted  line  shows  the  parts  that 

are  present  on  the  opposite  side. 
Figure  16.  Part  of  lower  jaw  of  Architeuthis  princq>8  (No.  1);  natural  size. 


Art.  XXI. — Contributions  from  the  Sheffield  Laboratory  of  Yale 
College.  No.  XXXIL  — The  Trap  Rocks  of  (Jie  Oonneciicut 
Valley ;  by  George  W.  Hawes. 

It  has  been  already  stated  in  this  Journal*  that  Mr.  E.  S.  Dana 
and  myself  have  been  engaged  in  the  study  of  the  eruptive 
rocks  of  the  Connecticut  Valley.  Some  of  the  results  obtained 
by  me  through  chemical  analysis  are  here  presented. 

The  dikes  which  intersect  the  Mesozoic  sandstone  and  the 
adjacent  strata  are  very  numerous  and  oftentimes  very  diflfer- 
ent  both  as  to  the  physical  appearance  and  composition  of  the 
rocks.  The  analyses  of  some  of  these  traps  show  them  to 
be  nearly  anhydrous  and  of  the  same  composition  as  the 
rock  which  is  called  dolerita  They  have,  moreover,  a  bright 
and  apparently  unaltered  appearance,  and  under  the  micro- 
scope a  clear  crystalline  character.  Others  are  hydrous  and 
also  contain  carbonic  acid ;  their  luster  is  dull  and  they  are 
more  or  less  green,  and  possess  the  composition  and  the  chlo- 
ritic  character  of  the  rock  called  diabase.  Every  grade  of 
variation  between  the  extreme  cases  can  be  found  ;  but  the  at- 
tempt will  be  made  to  show,  by  the  following  analyses,  the 

*  See  Abstract  of  a  paper  on  the  Trap  Rocks  of  the  Connecticut  YaUey,  by  E. 
8.  Dana,  this  Journal,  III,  viii,  390.    (Read  before  the  American  Association  at  ^ 

tbe  Hartford  meeting,  Aug.,  1874.)  ^ 
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uniform  character  of  the  ejected  material,  and  what  were 
changes  which  took  place  to  alter  it  into  its  present  varie' 
and  what  were  the  causes  of  the  same. 

The  specimens  of  which  analyses  are  here  giren  havt 
general  oeen  taken  from  railroad  cuts  or  working  quar: 
m  order  to  avoid  material  which  had  been  altered  oj 
face  action. 

1,    DOLEBITE. 

Lying  to  the  west  of  New  Haven  there  is  a  long  ridgi 
trap,  ending  in  a  high  biuff  which  is  called  West  Rock.  ' 
trap  is  very  firm,  and  analysea  show  it  to  be  dolerite,  the  typ 
rock  of  this  region. 

West  Rock.    Sp.  gr.  =  303. 

Silica 61-80  61-76  61'78 

Alumina 14'21  1419  14-20 

Ferrous  oxide  --.     826  8  23  8-26 

Ferric  oride 3-55  3-62  3'59 

ManganouB  oxide      '42  '45  -44 

Lime 10-08  10-73  10-70 

Magnesia 7'6S  7-64  7'63 

Soda 2-15  2-13  2-14 

Potash. --.       -39  -38  -39 

Phosphoric  acid .       '14  -14  -14 

Ignition -63  '64  -63 

99-86  99-Sl  09-89 

West  Bock  is  one  of  the  southernmost  dikes  of  the 
Connecticut  Valley.  The  red  sandstone  r^on  extends  no 
ward  through  Connecticut  to  the  northern  boundary  of  Ma 
chusetts,  and  in  the  latter  State  are  Mount  Tom  and  Mc 
Holyobe.  A  fresh  specimen  from  the  latter  mountain  had 
following  composition : 

HOUMT   HOLTOEX.      Sp^  gT.  =  2-97. 

Silica 52-70  52-66  52-68 

Alumina 1411  14-17  14-14 

Ferroufl  oxide ..  .  9-78  980  9-79 

Ferric  oxide 187  203  1-95 

MangaBOOS  oxide       '46  -44  -44 

Lime  9-36  9-39  938 

Magnesia   642  635  6-3B 

Soda   2-54  2-57  2-68 

Potash -89  -87  -87 

Ignition 1-81  1-58  1-60 

99-73  99-85  99'79 
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These  analyses  show  it  to  be  dolerite,  diflfiering  from  the  trap 
of  West  Bock  in  the  proportion  of  its  ingredients. 

A  specimen  from  the  Mesozoic  sandstone  r^on  of  New  Jer- 
sey, taken  from  a  deep  railroad  cut  in  Jersey  City,  afforded  the 
following  rescQts : 

JxBSiT  GiTT.    Sp.  gr.  =  2*96. 

L  n.  Mean. 

Silica 63-16  68-09  63-13 

Alumina 13-87  13-62  13-74 

Ferrous  oxide -- -     9-09  9-10  9-10 

Ferric  oxide 101  1-14  1-08 

,  Manganous  oxide      -44  -43  -43 

Lime 9-44  9-60  9-47 

Magnesia   8-66  8-59  8-68 

Soda   2-28  232  2-80 

Potash 1-08  1-04  103 

Ignition - .       -89  -91  -90 

99-77  99-74  99-76 

Another  specimen  taken  from  a  trap  hill  lying  to  the  east- 
ward of  New  Haven,  called  East  Rock,  was  also  analyzed.  But 
enough  has  been  given  to  show  the  uniform  character  of  the 
unaltered  rocks  of  this  era ;  no  two  analyses  differing  from  one 
another  more  than  would  those  of  samples  which  could  be  se- 
lected from  the  same  dike. 

The  principal  mineral  ingredients  are  pyroxene  and  labra- 
dorite,  with  a  small  amount  of  magnetite,  and  often,  as  Mr. 
Dana  has  detected  by  his  microscopic  examinations,  a  little 
chrysolite  and  apatite.  The  pyroxene  can  be  recognized  by  its 
cleavage.  Spots  are  sometimes  found  in  the  rock  where  the 
crystals  of  pyroxene  have  considerable  size,  and  often  the  pris- 
matic angle  as  well  as  the  basal  cleavage  can  be  distinctly  seen. 
From  one  piece  it  was  possible  to  extract  a  sufficient  number 
of  crystalline  fragments  of  apparent  purity  for  an  analysis. 

Ptbozxms  from  Wkst  Book. 

Silica 60-71 

Alumina 8-66 

Ferrous  oxide 16-30 

Manganous  oxide  '81 

lime 13-36 

Ma^iesia 13-63 

Ignition 1-17 

.^Ucalies  and  loss  (by  difference) 1  *48 

100-00 

On  comparing  this  analysis  with  those  of  the  dolerites,  it 
leaves  little  doubt  but  that  the  feldspar  is  labradorite,  as  the 
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low  percentage   of  silica  and  the   presence  of  so  rauob  lime 

[iroves.  The  presence  in  one  case  of  a  fol(isj.iar  witb  e%'en  a 
ower  percentage  of  silica  {aee  beyond)  renders  it  improbshle 
that  ihe  cliief  feldspar  constituent  has  a  higher  percentage  thsia 
labmdorite.  Moreover,  in  the  analyses,  making  due  allowance 
for  the  magnetite,  the  oxygen  ratio  of  the  bases  and  silica  is 
even  leas  than  one  to  two,  which  would  not  be  the  case  if  the 
feldspar  were  oligticlase. 

The  magnetite,  whiuii  is  always  present,  is  quite  variable  in 
amount.  There  is  much  mure  in  tne  trap  of  West  Kock  than 
in  any  of  the  other  Bpecimena  analyzed.  This  ia  evident  from 
the  amount  of  seaquioxide  of  iran  present,  which,  if  it  be  all 
contained  in  magnetite,  would  represent  live  per  cent  of  that 
ingredient.  In  the  ML  Holyoke  and  Now  Jersey  specimens 
there  is  less  magnetite,  aa  is  shown  bj  the  lower  percentage  of 
sesquioside  of  iron,  the  higher  (percentage  of  silica  and  the  in- 
ferior specific  gravities.  In  some  casei  the  amount  is  very  lai^ge. 
In  a  part  of  one  of  the  dikes,  that  fomi  the  "  Hanging  Hills " 
of  Meriden,  the  rock  is  quite  black  and  the  amount  of  iron  haa 
been  the  cause  of  rapid  disinttgration,  so  that  now  the  fioe 
earthy  debris  reaches  to  the  top  of  the  ridge.  A  determinatioD 
of  the  iron  in  this  rock  gave 

t  a. 

FeO 8-62  8-56 

Fe,0, 5-30  5-36 

13-82  13-90 

A  few  [ect  distant,  however,  the  rock  becomes  as  firm  acd 
undecompoeed  as  usual,  showing  that  the  gathering  of  the  mag- 
netite was  of  no  great  extent.  Often  octahedrd  crystals  of 
magnetite  can  be  seen  in  the  rock  with  the  unaided  eye. 

The  analysis  of  the  pyroxene  shows  it  to  be  ordinary  augite 
containing  equal  amounts  of  lime  and  magnesia ;  and  as  mag- 
nesia does  not  enter  into  the  composition  of  the  feldspar,  the 
evident  excess  of  magnesia  above  that  which  would  form  sach 
a  mixture  of  labradorite  and  pyroxene  belongs  to  the  chryso- 
lite. The  minute  crystaU  of  apatite  detected  by  Mr.  Dana 
account  for  the  presence  of  phosphoric  acid. 

The  feldspar  anortiiiUt  is  sometimes  a  constituent  of  thei^e 
dolerites.  Passing  up  the  West  Rock  ridge,  at  about  a  mile 
from  ila  southern  face,  a  smaller  dike  is  seen  with  an  eastern 
and  western  strike,  while  West  Rock  runs  nearly  north  ami 
south.  This  dike  upon  one  side  of  West  Rock  forms  tlie 
dam  of  Wintergreen  Lake,  then  cat?,  directly  through  llie 
main  dike,  and  projecting  out  several  yards  upon  the  other  side 
of  West  Rock  ridge,  forms  what  is  called  the  buttress,  lu 
position,  intersecting  the  main  dike,  shows  it  to  be  of  later  ori- 
gin.   The  direction  of  the  columns  of  this  buttress  are  hori- 
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zontal,  while  the  columns  of  the  main  ridge  are  nearly  vertical, 
which  shows  that  the  main  ridge  must  have  cooled  sufficiently 
to  determine  the  position  of  the  columns  of  the  buttress,  since 
the  columns  are  always  at  right  angles  to  the  cooling  surfaces. 
This  dike  is  characterized  by  large  grains  (J-  to  ^  inch  across)  of 
a  clear  whitish  cleavable  mineral,  which  render  it  sparsely  por- 
phyritic  Even  at  the  extremity,  where  the  dike  becomes  very 
small,  and  where  in  consequence  the  rock  is  very  fine  in  texture 
owing  to  the  more  rapid  cooling,  this  porphyritic  character  is 
retained.  A  sufficient  quantity  of  the  pure  material  was  ex- 
tracted for  an  analysis ;  its  composition  was 

Anosthitb. 

o. 

Silica 46-95  24^50 

Alumina 3470  | 

Ferrous  oxide "64  J 

Lime 16-821 


16-31 


Magnesia trace  [                          .  ^^ 

Potlsh    -45  >                            ^^^ 

Soda 1-80 

Ignition    -96 


100-32 


It  is  therefore  a  lime  feldspar ;  and  the  oxygen  ratio  for  EO, 
RgOj  and  SiOg  is  1 :  3*2  :  4  8,  which  shows  the  feldspar  to  be 
anorthite.  Mr.  Dana  informs  me  that  under  the  microscope  it 
has  a  different  appearance  from  the  other  feldspar,  and  although 
triclinic  it  shows  less  tendency  toward  twinning.  An  analysis 
of  a  sample  of  the  trap  of  the  dike  in  which  the  anorthite  occurs 
shows  it  to  be  a  dolerite  of  the  same  composition  as  the  others ; 
which  is  proof  of  the  uniformity  of  the  ejections  at  different 
times  in  this  period. 

DOLEBITB  FBOM  WdTTBROREEK  LaKE.      Sp.  gT.  =  3  00. 

L 

Silica 52-38 

Alumina 14-59 

Ferrous  oxide . .  -  9-89 
Ferric  oxide  ...  1*27 
Manganoufl  oxide       '60 

Lime 10-63 

Magnesia 7-36 

Soda  2-20 

Potash -51 

Ignition '55 

99-88  99-64  99*75 

The  rock  is  therefore  a  mixture  of  pyroxene  and  labradorite, 
from  which  the  anorthite  crystallized  out  on  account  of  its  dif- 


n. 

Mean. 

62-45 

52-42 

14-60 

14-54 

9-79 

9-84 

1-22 

1-26 

-63 

-51 

10-64 

10-59 

7-31 

7-33 

2-27 

2-23 

•48 

-49 

-56 

-66 
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ferent  compositioD  ;  for  a  very  slight  change  in  the  corapoaitioo 
of  the  whole  maaa  would  account  for  the  formation  of  the  snuU 
amount  of  anorthite  which  the  rock  contains,  and  the  differ- 
eoce  in  its  fusibility,  that  of  labradorite  being  3,  and  that  of 
anorthite  5.  would  favor  the  separation  of  the  anorthite 

3.    Diabase,  ok  Chlomtic  DoLERriB. 

In  the  examination  of  the  various  dikes  we  find  tbe  rockts  io 
all  stages  of  alteration,  from  the  almost  anhydrous  rocks,  like 
the  preceding,  to  tliose  in  which  the  original  ingredients  seem 
to  have  undergone  an  almost  complete  change.  This  dill'erence 
we  conclude  to  be  connected  with  geographical  location  and 
not  with  geological  age ;  and  the  following  analysis,  a.=  well  m 
the  study  of  the  positions  of  the  different  varieties,  prove  tliis. 

The  rocks  whica  were  selected  for  analysis  were  taken  from 
the  eastern  side  of  the  sandstone  region  and  are  typical  ^»a.- 
mens  of  very  large  and  long  dikes.  The  Lake  Sallooslall 
ridge,  which  is  hydrous  througn  its  whole  extent,  is  cut  through 
near  its  southern  extremity  by  the  Shore  Line  Kailroad,  and  it 
was  from  this  snot,  at  some  distance  from  the  surface  and  from 
any  amygdaloidal  cavities,  that  the  sample  was  selected. 
iMOt  Saltokbtau.    Sp.  fr.  =  366. 

Silica 49-27 

Alnmina lfi'87 

Perrons  oxide lO'lT 

Ferric  oxide 1  '93 

Manganoos  oxide      *35 

Lime 7'46 

Magnesia 6'SO 

Soda   .--   -     8-45 

Potash -74 

Water 3-92 

Carbonic  acid  ..     1-12 

10018  100-36  100-27 

A  specimen  from  the  southern  dike  of  a  high  ridge  called  the 
Durham  Mountains  exhibits  still  greater  alteration,  for  tbe 
amount  of  water  shows  that  the  larger  part  of  the  pyroxene  has 
been  changed  to  chlorite. 

It  will  be  seen  that  the  alteration  of  these  rocks  has  not  been 
attended  by  further  oxidation  of  the  iron,  and  therefore  it  could 
not  have  been  accomplished  by  any  surface  action,  since  the 
oxidation  of  protoxide  of  iixin  is  one  of  the  chief  causes  of  sur- 
fece  alteration  ;  while  in  this  case  one  mineral  containing  pro- 
toxide has  been  changed  into  another  protoxide  minerS.  It 
would,  therefore,  seem  certain  that  the  alteration  took  place  at 
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Mean. 

49'29 

49  28 

15-97 

IS -92 

10-23 

10-20 

1-88 

1-91 

■40 

■37 

7-42 

7-44 

6-07 

5-99 

3-36 

3-40 

■69 

■72 

3-88 

3-90 

1-17 

t-14 
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8p.  gr.  =  2-83. 

I. 

n. 

Mean. 

Silica 

46-56 

46*51 

46^54 

Alumina 

14-75 

15  05 

14^90 

Ferrous  oxide.  ._ 

9-89 

9-'78 

9-83 

Ferric  oxide 

8-58 

8  50 

3^54 

Manganous  oxide 

•38 

•36 

•84 

Lime 

799 

^•90 

^•94 

Magnesia 

4-83 

4^89 

4^86 

Soda 

2'i1 

2^88 

2-43 

Potash 

•69 

•60 

•60 

Water . 

4^50 

4^64 

4^52 

Carbonic  acid 

4-38 

4-82 

4^35 

99^87  99^82  9986 

the  time  of  ejection,  as  has  been  urged  by  Prof.  Dana.*  If  the 
trap-rocks  of  this  eastern  region,  when  coming  up  melted 
through  the  red  sandstone  strata,  encountered  subterranean 
waters,  and  if  it  would  be  impossible  for  the  vapors  produced 
by  the  heat  to  be  pressed  back,  owing  to  the  hydrostatic  pres- 
sure above,  then  these  vapors,  together  with  other  vaporizable 
material,  as  carbonic  acid,  set  free  from  its  combinations  in  the 
strata  by  the  heat,  would  pass  into  the  mass  of  molten  matter. 
In  this  way  we  have  a  sufficient  explanation  of  the  change  that 
made  this  diabase  out  of  the  material  that  formed  the  dolerite. 
The  pyroxene  was  the  mineral  that  was  most  attacked,  the 
result  of  the  alteration  being  chlorite.  As  chlorite  is  a  magne- 
sian  mineral,  lime  was  set  free  by  this  change.  Part  or  all  of 
this  lime  united  with  carbonic  acid;  for  on  touching  any  of 
these  hydrated  rocks  with  a  drop  of  dilute  acid,  effervescence 
tikes  place.  In  many  of  the  amygdaloidal  traps  this  carbonate 
of  lime  fills  the  cavities.  The  pyroxene,  however,  does  not 
furnish  sufficient  alumina  for  cmorite ;  this  was  furnished  by 
the  feldspar,  which  also  participated  in  the  change,  and  which, 
under  the  microscope,  appears  more  or  less  dimmed  by  decom- 
position. As  a  result,  silica  was  liberated,  which  also  fills  many 
of  the  amygdaloid  cavities ;  and  often  both  silica  and  car- 
bonate of  lime  are  found  in  the  same  cavity.  In  other  cases 
it  has  united  with  the  lime  and  alkalies  to  form  zeolites,  which 
are  common  in  the  cavities.  The  exact  chemical  reactions  that 
took  place  will  be  considered  at  another  time,  when  more  of 
the  products  of  decomposition  have  been  analyzed.  That  there 
was  such  a  passage  of  vapors  through  the  molten  mass  is  evi- 
dent; for  the  rocK  of  some  dikes  contains  long  pipe-stem-like 
cavities,  which  were  made  by  the  ascending  vapors,  and  which 
are  generally  filled  with  calcite. 

*  See  this  Jour.,  Ill,  vi,  104.  "  J.  D.  Dana  on  Igneous  Ejeotions  and  Volcanoes.*' 
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On  excluding  the  water  and  carbonic  nciil  from  the  two  pre- 
ceding analyses,  (column:!  3  and  4  below,)  it  will  be  seen  bow 
Dearly  the  original  unaltered  material  resembles  that  of  the 
dolentea  (columns  1  and  2)  in  composition.  As  usual,  there  is 
&  small  diBerence  in  the  amount  of  magnetite  and  in  the  pro- 
porlJon  between  the  pyroxene  and  feldspar. 


1.  WMlRMk. 

«.  PaAut 

Silica B2-11 

53-54 

fil-90 

61 -M 

Alumina 1429 

14-37 

18-77 

1 6 -35 

FerroHfi  oxide 8-30 

0-95 

10-74 

10-79 

Ferric  oxide 8-61 

1-98 

2-00 

3-88 

ManganouB  oxide         44 

-46 

■30 

-39 

Lime 10-77 

9-53 

7-83 

8-73 

MaKnesia .     7-67 

6-49 

6-31 

5-33 

2-60 
-88 

3-59 
-75 

2-66 

Potash -39 

-66 

99*78  09-79  100-28  B»-8t 

There  ia  a  remarkable  uniformity  at  all  points  in  the  ejected 
material,  which  seems  to  prove  that,  whether  now  anhydrous  or 
chloritic,  it  must  have  bad  a  common  source,  and  this  a  deep 
seated  one ;  for  so  great  uniformity  would  be  well  nigh  impos- 
sible if  the  source  were  nearer  the  surface  among  the  nieta- 
morpbic  rocks  of  the  crust,  as  has  sometimes  been  supposed. 


Abt.  XXIL — On  Ike  Oomparvion  cf  Certain   Uitories  of  Sohr 
Structure  with  Observation  ;  by  S.  P.  LaHGLKT.    With  a  plate. 

In  memoirs  already  published,*  allusion  has  been  made  to 
the  interest  which  would  attend  studies  of  the  almost  unknown 
interior  of  the  umbra  of  sun-spots,  and  of  forms  there 
which,  owing  to  the  relative  darkness,  are  hitherto  nearly  unde- 
Bcribed,  and  reference  has  also  been  made  to  certain  eo-called 
"  crystalline "  shapes  seen  at  times,  and  which  are  especially 
associated  with  large  spots  and  periods  of  great  disturbance: 

Doubtless  owing  to  tne  difficulty  of  seeing  appearances  so  del- 
icate, these  "  crystalline  "  types  have  never  been  minutely  deline- 
ated, and  it  has  been  naturally  assumed  that  their  existence  lent 
some  confirmation  to  the  views  of  those  who  r^ard  the  photo- 
sphere as  the  luminous  covering  of  an  incandescent  Quid,  and 
consider  spots  as  deposits  of  cooling  matter,  more  or  less  anal- 
ogous to  the  scoria  deposits  of  terrestrial  volcanoes.  M.  E. 
Qautier  has,  in  a  very  interesting  communication  to  M.  Faye,t 

*  Americui  Journal  of  ScienoA,  Febnurj',  1874.  Bojal  Astrmominl  SocMf^ 
KoUcM.  lUrch,  1874. 

f  OomptM  B«tidnB,  M*T  18,  1814. 
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referred  to  these  forms,  and  to  my  description  of  them.  They 
are  indeed  so  remarkable,  and  at  first  sight  so  apparently  con- 
firmatory of  the  views  alluded  to,  that  only  after  long  study  I 
have  been  led  to  think  them  not  so  much  assimilable  to  the 
products  of  cooling  npon  a  liquid  surface  as  to  certain  cloud 
forms  of  our  own  atmosphere. 

To  furnish  material  for  a  public  examination  of  these  details, 
whose  study  is  so  eminently  instructive,  it  is  necessary,  as  has 
been  already  remarked,  (since  photography  cannot  yet  seize 
them,)  to  make  drawings  in  which  tne  single  aim  of  the  de- 
signer is  to  set  down  with  a  minute  fidelity  specific  forms ; 
aiming,  in  short,  much  more  to  produce  a  piece  of  accurate 
topography  than  a  picture ;  but  wnile  it  is  on  studies  made  of 
this  minute  exactness  that  discussion  will  be  most  profitable, 
their  reproduction  for  the  press  is  a  work  of  so  much  labor  that 
this  kind  of  illustration  will  probably  remain  unusual. 

The  steel  engraving,  plate  vi,  from  studies  made  at  the  Alle- 
gheny Observatory  chiefly  with  the  full  aperture  (18  English 
inches)  of  its  equatorial,  has  been  prepared  by  the  kind  further- 
ance of  Pro£  GFeorge  F.  Barker,  of  Philadelphia,  its  execution 
being  secured  at  the  hands  of  an  engraver  who  has  done  his 
work  with  peculiar  fidelity  and  skill.  I  trust  it  will  be  ac- 
cepted as  a  means  of  putting  the  reader  in  a  certain  sense  in 
the  place  of  the  observer,  and  enabling  him  himself  to  directly 
compare  theory  with  the  facts  of  observation.  This  plate  is 
made  firom  sketches  taken  on  the  28d,  24th  and  25th  of  De- 
cember, 1878,  of  the  eastern  extremity  of  the  great  spot  then 
nearing  the  center  of  the  sun,  and  about  12°  south  of  the  solar 
equator.  It  is  called  a  "  typical  spot"  because  (since  the  details 
could  not  be  completed  at  a  sitting)  it  is  less  an  accurate  out- 
line of  what  coula  be  seen  at  any  one  moment,  than  an  assem- 
blage of  the  difierent  types  presented,  in  their  proper  connec 
tion.  The  whole,  then,  is  taten  from  observation ;  but  while 
the  details  of  the  adjacent  photosphere  have  been  supplemented 
from  other  studies,  everything  in  the  main  body  of  the  spot  is 
the  most  literal  transcript  I  could  make  of  specific  penumbral 
and  umbral  forma 

The  sun  had  been  hidden  here  for  some  days  before  the  23d 
of  December,  when  the  sky  cleared,  disclosing  a  spot  of  more 
than  usual  size.  Although  a  daily  record  of  the  solar  surface 
is  maintained  at  the  Allegheny  Observatory,  the  weather  for 
some  weeks  before  had  interrupted  it  so  capriciously  that  I  am 
unable  to  say  with  certainty  what  the  age  of  the  spot  was  when 
it  suddenly  presented  itself  but  un(juestionably  it  had  at  this 
time  already  passed  through  the  initiatory  stage  of  its  forma- 
tion, and  had  entered  upon  that  in  which  the  forms  seen  earlier 
bave  commenced  to  become  segmented  or  distorted^  "wkiAV^  «^a5X 
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retaining  cliaracteriatica  which  ehow  the  type  from  which  ibey 
have  aprung. 

Attention  was  first  directed  to  that  dark  interior,  in  which 
Dawes  discerned  still  darker  shades,  which  he  called  nueiei,  as 
the  nnuaual  size  of  the  spot  and  the  irregularity  of  shade  in  the 
umbra  seemed  to  favor  their  investigation.  Aided  by  special 
optical  devices,  there  became  visible  to  close  attention,  forms 
wnich  appeared  to  be  afBliat«d  to  the  better  known  ones  of  the 
penumbra,  which  were  studied- also,  and  a  description  of  a  part 
of  whose  cliaracteristics.  interesting  perhaps  in  their  bearing 
upon  solar  theories,  follows. 

It  was  observed :  (1.)  That  the  now  well-known  Glamenis 
of  the  peonmbra,  and  those  (still  to  be  described)  of  the  umbra, 
were  all  disposed  in  curves.  These  curves  might  be  described 
in  general  as  portions  of  rude  spirals,  since  while  there  was  such 
a  variety  as  to  make  classification  difficult,  the  epiral  tvne  was, 
as  a  whole,  beyond  any  question  the  dominant  one.  ^nis  and 
the  characteristic  forms  of  the  outer  penumbral  edee,  elsewhere 
partly  described,  bear  witness  to  the  existence  of  a  force,  or  per- 
haps I  should  say  the  component  of  n  force,  directed  in  a  gen- 
eral sense  to  the  center  of  the  spot,  while  at  the  same  time  the 
absence  of  a  common  direction  of  rotation,  and  the  existence 
even  of  distinctly  marked  opposite  flexures  in  the  same  fila- 
ments, show  the  complexity  of  the  action  which  had  been  at 
work. 

(2.)  An  appearance  which  deserves  remark  is  this.  It  has 
long  since  been  observed  that  the  interior  border  of  the  penum- 
bra is  commonly  brighter  than  its  exterior ;  but  the  hitherto  un- 
recognised cause  is  here  shown,  in  a  general  tendency  of  these 
singular  objects,  the  filaments,  to  grow  progressively  brighter 
toward  their  extremities.  It  should  be  noticed  that  it  is  not 
only  here  meant  that  these  grow  brighter  at  the  inner  edge  of 
the  penumbra,  but  that  the  many  Elamenta,  not  long  enough  to 
reach  wholly  across  the  penumbra,  and  whose  ends  in  this  case 
lie  partly  down  its  slope,  in  every  case  show  the  same  tendency, 
so  that  it  ie  difScult  to  resist  the  impression  that  these  extremities 
have  a  general  disposition  to  turn  upward  and  to  appear  as 
though  lifting  their  points  above  some  obscuring  medium, 

(3.)  In  this  connection  we  may  best  study  the  umbral  forms 
previously  referred  to,  about  which  so  little  has  hitherto  been 
known,  owing  to  the  darkness  in  which  they  are  involved.  That 
this  darkness  is  only  relative  has  been  long  surmised,  and  I  have 
found  by  direct  experiment  that  when  ull  extraneous  light  is 
excluded,  except  that  from  the  "  blackest '"  part  of  the  umbra, 
this  proved  to  be  not  only  intrinsically  Uriglit,  but  insupporta- 
bly  intense  to  the  naked  eye.  By  the  optical  device  referre<i 
to,  then,  I  have  been  able  to  look  within  the  sun  to  some  limited 
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extent,  or  farther  at  least  below  the  surface  than  is  commonly 
seen.  Thus  armed,  we  find  that  the  reddish-brown  masses 
within  the  umbra  are  resolved  into  filaments,  analogous  to  the 
penumbral  ones;  like  them  disposed  in  curves,  and  like  them 
apparently  inplanes,  whose  direction  is  usually  approximately 
horizontal.  Here  also  we  see  that  these  umbral  filaments  grow 
brighter  toward  their  extremities,  which  appear  as  if  curling 
upward,  their  ends  thus  occasionally  furnishing  that  appear- 
ance of  isolated  bright  points  in  the  umbra  which  has  oeen 
already  observed. 

Leaving  these  for  the  moment,  let  us  consider  what  was,  on 
the  whole,  the  most  remarkable  feature  of  the  spot :  a  plume- 
like appearance  in  its  lower  portion,*  which,  in  connection 
with  adjacent  peculiar  curves,  presented  forms  of  what  has  been 
called  the  "crystalline"  type.  The  impression  that  agencies 
like  those  which  mould  the  delicate  crystallizations  of  water 
have  been  here  engaged,  is  a  natural  one,  and  has  been  expressed 
before,  the  term  "  photospheric  crystal "  having  apparently 
been  used  by  M.  Chacomac  as  long  ago  as  1853.  This  part  of 
the  spot,  if  any,  would  seem  to  justify  the  remark  of  M.  Gau- 
tier,  that  the  modifications  of  certain  spot  forms  recall  rather  the 
eflFects  of  mineral  or  saline  deposits  than  that  of  the  action  of 
whirlwinds.  They  may  certainly  be  said  to  remind  us  of  such 
deposits,  but  is  it  by  a  true  analogy  or  by  a  superficial  resem- 
blance? If  we  look  closer;  if  we  increase  our  telescopic 
power,  we  find  that  filaments  which  elsewhere  possess  a  scarcely 
sensible  magnitude  become  here  of  immeasurable  fineness,  and 
lie,  not  so  much  at  the  sharp  angles  of  a  crystalline  deposit,  (as 
they  with  lower  powers  seem  to  do,)  as  like  finely  carded  wool. 
We  may  be  in  doubt  whether  to  treat  these  "  plumes  "  as  part 
of  the  penumbral  or  umbral  structures,  their  brightness  seem- 
ing to  affiliate  them  to  the  former,  while,  on  minute  examina- 
tion, their  fibers  may  yet  be  discerned  prolonged  through  the 
umbral  shade  and  rising  again  (apparently)  above  it,  in  the 
luminous  points  just  referred  to.  The  resemblance  seen  here, 
then,  is  rather  to  the  filamentary  types  found  in  the  chromo- 
sphere, and  which  no  one  questions  are  purely  gaseous.  There 
is  frequently  remarkable  symmetry  displayed  in  these  forms, 
but  very  rarelvas  much  as  in  the  present  example,  which  was 
the  most  regular  I  have  ever  seen.  The  balance  of  its  parts 
around  a  central  axis  was  almost  as  exact  as  in  a  sculptured 
ornament,  and  here  &g3>in  the  regularity  of  certain  crystalline 
forms  is  suggested.  The  "plume,"  however,  whatever  it  may 
be,  is  evidently  an  integral  structure,  not  due  to  the  casual 
union  of  heterogeneous  elements,  and  it  was  found  on  measure- 
ment to  be   approximately  20"  in  length  and  10"  to  12''  in 

*  Seen  In  lihe  lower  portion  of  the  drawing. 
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width.  Are  we  prepared  to  admit  the  existence  of  a  body 
properly  analogous  to  a  "crystal," covering  over  ten  times  the 
area  of  Europe  ?  Even  on  the  sun,  where  everything  is  enor- 
moua,  thia  taxes  belieC  But  once  more,  the  extremely  attenu- 
ated filaments  of  the  "  plume  "  do  not  appear  to  he  in  any  sin- 
gle plane.  The  great  length  of  nearly  10,000  English  miles, 
through  which  tbey  apparently  extend,  is  a  curtate  distance,  or 
that  in  which  we  see  them  as  projected  on  ihe  apparent  plane 
of  the  solar  disc.  If  I  do  not  misinterpret  the  indications  given 
by  the  brightening  ends,  they  can  hanily  be  spread  upon  ibe 
surface  of  a  liquid,  or  upon  any  single  surface  whatever, — they 
bend  down  ana  up.  All  through  the  umbra  are  to  be  noteii 
similar  appearances ;  we  seem  to  look  down  through  increasing 
depths,  but  as  far  as  vision  extends,  without  coming  to  any 
liquid  or  solid  floor, — always  down  througli  volumes  of  whirl- 
ing vapor,  (whirling,  if  we  judge  from  their  form.s,  which  are  dis- 
posed as  if  by  vortical  action,)  and  growing  fainter  till  lost  to 
sight  at  an  unknown  depth  below  the  surface.  Speaking,  then, 
without  reference  to  any  hypothesis,  it  seems  to  me  that  the  re- 
semblance to  crystalline  structure  (though  I  agree  that  it  is  strik- 
ing) does  not  appear  to  be  more  than  superficial.  We  have  at 
certiiin  rare  intervals  remarkable  cirrous  clouds  in  our  own  at- 
mosphere, whose  resemblance  to  these  forms  is  equally  cioje, 
and  in  which,  1  think,  we  may  see  not  only  a  resemblance  but 
an  analogy.  Some  of  these  rarer  cirrous  types  of  our  own  sky, 
which  I  have  studied  in  connection  with  solar  forms,  might,  eo 
far  as  external  appearance  went,  certainly  be  fancied  to  display 
crystalline  action  aa  clearly  as  any  frost-figure  on  a  window, 
yet  we  have  no  difiiculty  in  seeing  that  in  this  case  the  eddies 
of  our  own  atmosphere  have  been  in  some  way  a  principal 
cause.  While  recognizing  the  danger  of  pushing  too  far,  con- 
clusions drawn  from  terrestrial  analogy,  I  should  then  (pending 
a  more  complete  study  of  these  appearances),  regard  them  as 
most  nearly  typified  by  certain  cloud-forms  of  our  own  atmos- 
phere. , 

This  spot  presented  other  interesting  types  not  here  referred 
to.  But  I  may  mention,  in  support  of  previous  observations,  that 
in  the  upper  portion  of  the  penumbra,  just  below  where  a  con- 
aiderahle  part  of  the  photosphere  was  islanded,  the  sudden  and 
abrupt  change  of  direction  of  the  filaments  marked  the  appar- 
ently unmistakable  passage  of  one  cloud  stratum  over  anottier. 
This  disposition  was  also  marked  elsewhere  on  the  spot,  whole 
banks  of  clouds  moving  one  over  the  other,  so  as  to  form  a 
terraced  appearance  In  very  many  other  spots,  thia  movement 
of  one  stratum  over  and  frequently  at  right  angles  to  another 
has  been  recognized,  so  that  afier  long  study,  I  have  lelt  justified 
in  elsewhere  formally  announcing  it  as  an  ascertained  fact, 
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3b9erved  not  in  an  isolated  instance,  but  as  a  general  cliarac- 
teristic  of  the  solar  surface,  whose  features  are  thus  again 
assimilated  to  atmospheric  ones  in  some  degree  like  our  own. 

From  the  preceding  facts  of  observation,  it  appears  that  the 
following  conclusions  may  be  drawn  : 

(1.)  Without  prejudice  to  the  important  considerations  on 
which  its  distinguished  author  has  framed  the  theory  of  the 
existence  of  a  liquid  or  viscous  solar  shell,  it  seems  to  me, 
speaking  simply  as  an  observer,  that,  from  what  has  been 
stated  of  the  appearance  of  umbral  forms,  such  a  shell  or  crust 
must,  if  it  exist,  be  at  a  distance,  below  the  surface  of  the  pho- 
tosphere, considerable  even  with  reference  to  the  dimensions  we 
here  deal  with. 

(2.)  It  seems  difficult  to  reconcile  the  bright,  sharply -defined 
inner  penumbral  edge,  and  the  regular  structure  discerned  in 
the  umbra,  with  another  view,  in  which  this  umbra  is  a  sort  of 
stagnant  pool,  formed  by  cold  vapors,  or  clouds,  which  have 
settled  there  after  depressing  the  general  surface  by  their  weight 
till  the  penumbral  slope  is  determined.  So  much  of  the  early 
hypothesis  of  Herschel  as  regards  the  umbra  as  an  opening 
(however  made)  tlirough  which  we  look  into  a  non-luminous 
interior  of  the  sun,  extending  everywhere  beneath  the  photo- 
sphere, seems  common  to  views  which,  diflFering  widely  else- 
where, agree  on  this  point  more  nearly  with  these  observations 
than  with  the  views  peculiar  to  Father  Secchi* 

(3.)  Finally,  it  seems  to  be  little  more  than  a  summary  of  the 
facts  of  observation  already  rehearsed,  to  say  that  traces  of  a 
vortical  action  are  found  throughout  the  spot,  and  especially  in 
the  umbra.  The  theory  which  regards  cyclonic  or  vortical 
action  as  a  prominent  agent  in  determining  the  forms  we  have 
studied,  appears  then  to  be  in  closer  accordance  with  observa- 
tion than  tne  former. 

As  the  substance  of  the  present  article  was  written  before 
Father  Seeches  remarks  appeared  in  the  August  Memorie^  it 
was  originally  prepared  without  reference  to  the  questions 
raised  there,  and  without  any  special  reference  to  the  cyclonic 
theory ;  and  it  is  in  no  sense  meant  as  a  complete  expression  of 
opinion  on  those  several  points,  in  connection  with  which 
Father  Secchi  has  done  me  the  honor  to  cite  my  nama  As  one 
of  the  few  who  have  used  an  instrument  of  adequate  power  in 
the  particular  field  of  research  in  which  a  large  part  of  his 
labors  have  lain,  I  am  more  able  than  most,  perhaps,  to  appre- 
ciate his  eminent  qualities  as  an  observer.  When,  however,  he 
states  that  longer  study  of  the  sun  than  I  have  yet  given,  will 

*  ..."  n  solo  errore  dell  ^illustre  osservatore  (i.  e.,  Heraohel)  fu  di  estendere 
la  maass  oacura  tni  tutto  11  globo  sotto  la  f otosf era,  meiUre  in  reaUd  eaaa  non  forma 
Atpem  o  chiamt  aamU  KnUiaie,^P,  Seeehi,  Mmarie^  Ago9to^  1B14. 
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chaoge  my  views  upon  the  theory  of  M.  Faye,  I  raay  remark 
that  those  views  were  Dot  emitted  so  hastily,  or  on  such  liijbt 
gromids,  aa  to  be  readiiy  altered;  for  they  were  the  result  of 
several  yeitrs  of  oliservation,  with  an  instrument  of  greater 
power  tnan  tliat  Father  Secchi  employa  Doubtless,  before 
adopting  coacluaioQs  in  any  way  differing  from  those  reacbcii 
by  oue  whose  ability  as  an  observer  desen'es  suoh  respect.  I 
was  bound  in  every  way  to  verify  the  grounds  on  which  these 
ooncliiBione  rested.  If  what  seem  to  me  the  facts  of  observa- 
tion conducted,  and  still  continue  to  conduct  me,  to  views  in 
many  ways  differing  fR>m  those  which  he  maintains,  in  oppo- 
sition to  distinguished  Italian  and  French  astronomers,  I  have 
less  hesitation  in  trusting  to  observations  which  agree  more 
nearly  with  theirs,  from  the  belief  that  no  pereonally  cher- 
ished hvi>Dthesis  has  subjected  me  to  that  nnconseions  bias  in 
the  collection  and  interpi-etation  of  facta,  against  which  com- 
mon experience  shows  that  even  eminent  ability  is  not  a  certain 
protection. 

Allagttenj  ObBerrittory,  AUagheDy,  Pennaflvauia,  December  39.  18T4. 
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Since  the  beginning  of  1873,  1  have  been  engaged  in  an  ex- 
ploration of  the  southeastern  corner  of  the  republic  nf  Costa 
Bica,  a  region  of  about  3,000  square  miles,  known  politically  as 
the  District  of  Talamanca.  Previous  to  my  going  there,  the 
country  was  probably  the  least  known  of  any  part  of  Central 
or  Isthmian  America.  It  comprises  the  Atlantic  slope  of 
nearly  one  half  of  the  length  of  the  republic,  and  is  inhabited 
by  tribes  of  Indians  who,  with  good  reason,  have  such  a  hatred 
to  everything  called  Spanish,  that  the  people  of  the  country 
have  never  dared  to  penetrate  it  Strange  to  say,  the  hatred  is 
not  against  the  white  race ;  only  against  "  Spaniards,"  L  e.,  per- 
sons of  that  race,  or  speaking  that  language.  A  few  EngUsh- 
apeaking  traders  have  bad  dealings  with  these  people  for  half  a 
century,  and  have  invariably  treated  them  well ;  so  that  an 
Englishman  or  American  can  go  among  them  with  impunity; 
while  one  speaking  only  Spanish  is  looked  upon  with  distrust, 
and  either  treated  with  insolence,  or  at  best  left  severely  alone. 

I  was  at  first  engaged  by  a  company  of  the  leading  pepsons 
in  Costa  Rica,  natives  and  foreigners,  but  afterward  the  Gov- 
ernment took  charge  and  assumed  the  responsibility  of  tbe 
work.  The  prime  object  of  the  exploration  was  the  re-aiscovery 
of  some  mines,  reported  by  tradition  to  exist  in  the  region,  and 
of  which  the  most  fabulous  stories  were  told.     Suffice  it  here  to 
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say  that  such  mines  do  not,  and  for  sufficient  geological  reasons 
cannot,  exist  thera  This,  however,  is  not  surprising  to  one 
who  has  been  in  California  or  in  the  West  Indies,  where  such 
traditions  exist  everywhere.  Having  now  completed  the  field- 
work  of  this  little  isolated  region,  I  coDsider  it  advisable  to  put 
on  permanent  record  a  bare  resume  of  the  leading  facts  and  ob- 
servations, leaving  all  theories  and  deductions  for  a  future  oc- 
casion. It  is  difficult,  and  perhaps  unadvisable,  to  attempt  to 
generalize  where  one's  observations  have  been  so  entirely  cir- 
cumscribed as  mine  have  been  in  this  district.  I  have  not 
been  able  to  carry  my  observations  to  the  Pacific ;  and  the  con- 
glomerate rocks,  of  which  I  shall  speak,  point  to  older  sedi- 
mentary formations  which  I  have  not  seen,  and  which  may 
have  played  an  important  part  in  the  history  of  Isthmian 
America. 

The  central  Cordillera  of  the  lower  part  of  Costa  Kica  is 
not  much  less  than  6,000  feet  high  at  its  lowest  point  Along 
this  crest  rise  several  prominent  peaks,  that  of  U-jum,  at  the 
head  of  the  Coen  Biver,  and  Mt  Lyon,  at  the  head  of  the  Lari, 
being  probably  over  8,000  feet  each,  while  Pico  Blanco,  or 
KamuK,  the  culminating  point,  is  9,662  feet,  by  careful  baromet- 
rical measurement.  Partner  down  the  isthmus  the  reputed  vol- 
canoes of  Chiriqui  and  Bobalo  are  said  to  be  of  corresponding 
heights ;  but  to  the  northwest  a  decided  depression  of  the 
range  occurs,  before  we  reach  the  high  region  of  Central  Costa 
Rica.  The  dii'ect  distance  from  the  summits  of  the  range  to  the 
coast  is  hardly  more  than  thirty  miles;  but  the  country  is  so 
cut  up  by  sharp  ridges  and  deep  cafLons,  so  covered  with  dense 
forests  and  impassable  swamps,  and  so  poorly  supplied  even 
with  Indian  trails,  that  the  distance  travelled  is  fully  three 
times  as  great  In  an  open  country,  with  good  routes  of  travel, 
I  could  easily  have  accomplished  in  three  or  four  months  all 
the  geological  explorations  that  necessitated  seventeen  months 
of  the  hardest  labor  I  ever  did  in  my  life.  This  is  not  the 
place  to  speak  of  toil  and  suffering,  of  exposure  for  weeks  to 
continued  rains,  of  fording  swollen  rivers  at  the  risk  of  our 
lives,  of  fevers ;  in  short,  of  all  the  pleasant  episodes  inevitably 
connected  with  work  in  primeval  tropical  forests.  We  have 
been  through  them  all,  and  without  the  loss  of  a  single  life  in 
my  corps;  albeit,  several  Indians  paid  that  penalty,  and, 
althougn  I  escaped  with  health  uninjured,  some  of  my  assist- 
ants have  been  less  fortunate  in  this  respect 

The  chain  slopes  rapidly  to  the  northeast,  and  in  a  dozen 
miles  from  the  summit  is  barely  more  than  a  thousand  feet 
tigh.  The  next  dozen  miles  is  a  still  more  gentle  slope  ;  and 
the  coast  is  bordered  by  a  flat  region  of  swamp,  broken  by  only 
a  few  low  spans. 


300  W.  J£  GtM—Natea  on  Ooata  Riea  Otology 

Two  large  rivers  drain  the  rejiion.  These  are  the  Tiliri 
(sometimes  called  the  SicaoJa)  and  the  Tilorio  (likewise  known 
at  its  mouth  as  the  Changinola).  These  names  in  parentbeais 
were  given  by  the  Mosquito  negroes  to  the  mouths  of  the  rivers, 
and,  although  thev  occur  on  the  maps,  are  not  the  real  names 
of  the  streams.  'The  Tiliri  is  the  more  important  of  the  two, 
draining  by  far  the  larger  area,  by  means  of  five  great  branches, 
viz.,  the  Tiliri  proper,  the  Coen,  the  Lari,  the  Uren,  and  the 
Zhorquin.  All  of  these  branches,  except  the  last,  uniie,  in  the 
space  of  a  mile,  in  a  broad  valley  of  over  100  square  milea  of 
area.  The  Zhorquin  is  the  smallest  branch,  does  not  descend 
from  the  main  range,  as  the  others  do,  and  enters  the  Tiliri  a 
few  miles  below  the  junction  of  the  other  branches. 

The  Tilorio  drains  the  region  east  of  Pico  Blanco,  by  one 
^"eat  arm  and  its  branches,  and  the  country  back  of  Pico 
Bobalo,  by  another  arm.  This  latter  is  entirely  unknown,  asA 
is  likely  to  remain  so,  until  some  traveller  more  adventurous 
than  any  yet  found  dares  to  penetrate  the  region.  The  Indians 
reported  the  country  to  be  almost  impassable,  and  say  it  is 
inhabited  by  a  small  band  of  Indians  who  refuse  unconditionally 
to  hold  any  communication  with  civilized  people,  or  to  permit 
them  to  enter  their  district  Severa)  such  refugee  bands  of 
savages  are  known  to  exist  in  this  vicinity,  and  I  have  little 
doubt  but  that  there  is  ^'ood  foundation  for  the  story. 

The  high  mountains  of  Talamanca  are  in  great  pan  made  up 
of  a  mass  of  granitic  rocks,  bearing  in  some  respects  a  marked 
resemblance  to  those  of  the  island  of  Santo  Domingo.  There 
is  one  important  point  of  difference,  however,  between  tbe 
manner  of  occurrence  of  this  rock  here  and  in  Santo  Domingo. 
In  the  latter  country,  granitic  dikes  often  cut  through  or  ex- 
tend into  tlie  sedimentary  rocks  for  great  distances.  They  are 
of  all  sizes,  from  a  thread  to  hundreds  of  yards  in  thickness, 
and  often  contain  fragments  of  the  jaspery  slates  entangled  in 
them,  and  perfectly  soldered  by  fusion.  In  Costa  Rica  I  have 
never  seen  a  granitic  dike.  Tbe  material  seems  to  have  been 
forced  up  from  below  in  a  plastic  state,  sufficiently  heated  to 
have  changed  the  character  of  the  overlying  rock  wherever  it 
came  in  contact  with  it,  but  never  sufficiently  fluid  to  penetrste 
any  possible  fissures  that  may  have  existed.  True  granite 
rarely  occurs,  while  syenites  are  much  more  common.  Tbe 
rock  is  almost  always  rather  fine-grained,  and  while  hornblende 
abounds,  mica  is  rather  the  exception  than  tbe  rule.  The  rock 
is  lighter  in  color,  and  of  a  slightly  coarser  grain  at  the  more 
eastern  exposures  than  farther  west.  I  saw  nowhere  the  Blitilit 
eat  approach  to  a  gneisanid  structure,  or  any  other  sign  that 
would  indicate  a  meCaniorphic  origin  for  the  mass,  but  several 
facts  point  to  its  having  been  quite  recently  in  a  heated  condi- 
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ion.  On  the  upper  part  of  the  Coen  River,  on  one  of  its  largest 
i^estern  branches,  I  found  a  single  small  boulder  of  mica  slate, 
3ut  I  could  not  trace  it  to  its  source. 

Lying  on  the  flanks  of  the  granite,  in  the  region  of  the  Tiliri, 
ind  extending  to  the  coast,  'there  is  a  deposit,  only  a  few 
lundred  feet  thick,  of  Tertiary  rocks,  where,  in  contact  with 
^he  granite,  they  are  highly  tilted,  dipping  seaward ;  a  large 
fold  or  two  follows  this  uplift  in  the  nigher  mountains,  and 
nore  gentle  undulations  extend  to  the  coast  There  is  not  a 
r^ular  system  of  plications,  however,  since  I  have  observed 
local  variations  of  strike,  even  as  great  as  at  right  angles,  within 
\  mile,  accompanied  by  high  dips.  This  is  markedly  the  case 
)n  the  Zhorquin,  near  its  moutn,  where,  perhaps,  the  underly- 
ing granite  is  not  far  below  the  surface.  Close  to  the  granites 
fche  sedimentary  rocks  are  highly  metamorphosed,  and  in  most 
3ases  their  bedding  is  entirely  destroyed ;  but  I  was  fortunately 
ible  to  collect  fossils  at  a  number  of  localities  scattered  not 
>nly  over  the  greater  part  of  Talamanca,  but  also  farther  north 
ind  northwest,  in  the  adjoining  parts  of  Costa  Bica.  These 
prove,  beyond  a  reasonable  doubt,  that  the  rocks  are  an  exten- 
rion  of  the  great  Miocene  deposit  found  not  only  on  the  isthmus 
proper,  but  over  so  many  of  the  West  Indian  islands.  I  re- 
x>gnized  at  sight  many  familiar  species,  and  have  no  doubt 
^at  others  only  await  comparison  to  identify  them  with  known 
ipeciea 

These  Miocene  rocks  are  made  up  principally  of  conglomer- 
ites  and  fine  shales,  with  occasional  beds  of  sandstone,  and  a 
^ery  little  limestona  The  limestone  occurs  most  abundantly 
in  the  central  regions  of  Costa  Rica,  in  the  Candelaria  Moun- 
tains, and  on  the  Reventazon  River  near  Sapote,  and  are  almost 
3ntirely  wanting  in  Talamanca.  The  conglomerates  and  shales 
ire  also  found  as  far  as  the  lat^r  locality ;  while  the  last  men- 
tioned rock  is  the  most  important  constituent  of  the  Candelaria 
range.  Wherever  the  shales  are  found  unaltered,  they  carry 
small  beds  of  very  inferior  coal.  It  is  to  this  member  that  the 
soal  mines  of  Chiriqui  belong:  and,  half  a  dozen  miles  south 
3f  San  Jos^,  the  capital  of  Costa  Rica,  there  is  a  small  mine  of 
;oal  now  being  worked  experimentally,  with  results  far  from 
encouraging. 

The  conglomerates  are  made  up  entirely  of  pebbles  of  a  meta- 
morphosed claystone.  I  have  studied  tnem  with  great  care  at 
nlmost  every  locality  where  I  found  exposures,  and  have  never 
met  with  a  single  boulder  or  pebble  of  crystalline  material.  Even 
where  close  to  the  granitic  rocks,  I  failed  completely  to  find 
the  slightest  trace  of  granita  Nor  have  I  been  aole  to  trace  to 
their  source  these  claystone  pebblea  The  formation  must  have 
been  extensive  to  have  furnished  such  a  bulk  of  coslt^  nidAft- 
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v\n\,  Xa  Bay  muhing  of  the  ahales  pnihably  derived  from  the 
same  source.  The  absence  of  gramte  pebbles  proves  conch- 
sively  that  tbis  rock  was  not  exposed  at  the  time  of  the  depo- 
sition of  the  Miocene.  Another  peculiarity  of  the  couglomerale 
is  that,  wbil-i  from  the  region  of  the  Tiliri  west  and  north,  as 
far  as,  the  line  of  the  railroad  now  being  constructed,  the  peb- 
bles arc  bani  and  well  rounded  by  attrition,  and  cemeniea  by 
a  matrix  of  different  character,  on  the  Tilorio  the  rock  is 
rather  a  mottled  clayatone  than  a  true  conglomerate.  Tlie  peb- 
bles seem  to  have  been  but  little  altered,  to  have  been  im- 
bedded in  a  matrix  formed  from  their  own  mai^riai,  di.'^icte- 
grated,  and  the  whole,  alWr  deposition,  to  have  undergone 
mctamorphism  together  for  the  first  time. 

The  trend  of  the  granitic  intrusion  is  not  coincident  nor  co- 
extensive with  the  mountain  range.  It  bears  more  to  the  east, 
Pico  Blanco  being  its  culminating  point:  beyond  thia  to  the 
east  it  extends  almost  to  the  Tilorio  River,  ending  in  a  narrow 
tongue.  I  was  unable  to  attend  the  Tilorio,  back  to  the  gniuite 
belt;  hut  although  there  are  large  streams  penetrating  west- 
ward from  the  Tilorio  toward  Pico  Blanco,  there  are  no  granite  , 
boulders  in  that  river  on  it«  bead  waters. 

Both  the  granite  and  the  Miocene  rocks  are  cut  by  numeroiu 

Sorphyritic  dikes  of  a  pretty  uniform  character,  but  entirely 
liferent  from  the  more  modern  volcanic  rocks  of  Central  Costa 
Rica.  These  seem  to  have  penetrated  the  two  groups  equally, 
and  vary  from  a  few  yards  to  a  mile  in  length.  One  of  these 
dikes  forms  the  apex  of  Pico  Blanco,  and  has  been  exposed  , 
by  the  decomposition  and  denudation  of  the  surrounding  softer 
granite.  This  is  nearly  800  feet  high,  and  forms  the  exlrerae 
tip  of  what  is  otherwise  an  onlinary  granite  mountain.  Space 
does  not  permit  me  to  enter  into  a  detailed  discussion  of  this 
question  liere.  I  was  three  hours  on  the  summit  of  the  moun- 
tain. It  is  a  sirapli',  straight  ridge,  of  which  the  western  end 
rises  in  a  sharp  cone,  perhaps  fifty  feet  higher  than  the  rest 
There  is  no  sign  whatever  of  a  crater,  and  SCO  feet  below  the 
summit  there  is  no  volcanic  rock.  It  must,  therefore,  be  struck 
from  the  list  of  volcanoes. 

The  two  neighboring  peaks,  Mt  Lj'on,  between  the  Lari  and 
its  branch,  the  Di|).tri,  and  U-jum,  at  the  head  of  the  Coen,  are 
said  by  the  Indians  to  be  volcanoes.  But  after  my  experitnee 
with  Blanco,  I  feel  great  hesitation  in  accepting  the  statement 
although  it  is  fortified  by  many  very  plausible  stories  of  Bres 
and  smoke  seen  on  their  summits.  The  latter,  especially,  with 
its  sharp,  regular  cone,  certainly  looks  volcanic,  and  I  had 
hoped  to  reach  it;  but  after  my  excursion  to  Pico  Blanco,  all 
hands  of  my  party,  white  as  well  as  Indiana,  decided  that  for 
the  time,  at  least,  it  was  impracticable.     It  would  bave  cost  a 
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month  of  hard  work,  and  I  had  not  so  much  time  at  my 
disposaL 

Before  closing  mj*^  account  of  the  mountain  region,  there  is 
one  other  item  deserving  mention.  My  instructions  required 
me  to  look  for  mines,  and  I  examined  carefully  for  traces  of 
the  precious  metals  wherever  I  went.  I  found  in  a  few  places 
quartz  veins ;  one  of  considerable  size,  the  others  practicalljr 
valueless.  1  also  found  deposits  of  placer  gold  in  a  few  locali- 
ties. But  the  existence  of  gold  here  is  rather  of  scientific  than 
of  economic  interest  The  gold  occurs  in  the  metamorphosed 
Miocene  rocks,  and  always  at  a  greater  or  less  distance  from 
the  granites.  The  point  at  which  I  found  gold  nearest  to  the 
granite  was  at  least  a  mile  distant,  although  the  rock  was  highly 
metamorphosed.  The  spot  where  I  found  the  lai^est  quantity 
of  gold  was  miles  away  irom  the  granitic  intrusion. 

There  is  little  more  to  be  said  about  the  geology  of  Tala- 
manca.  The  coast  is  low  and  swampy,  and  is  bordered  by  a 
few  patches  of  Post-pliocene  rocks  of  the  character  which  I 
have  designated  as  Antillite  in  the  West  Indies.  Near  Moen, 
back  of  the  border  reef,  there  was  a  little  bay,  where  a  dark 
gray  claystone  was  deposited,  and  this  bed,  nearly  100  feet 
thick  in  one  place,  abounds  in  beautiful  fossils,  all  of  recent 
species  of  shells  and  Eadiates.  Many  of  the  Mollusca  retain 
their  colors  quite  bright.  On  the  beach,  at  some  points,  are 
large  deposits  of  iron  sand  of  great  purity,  which  might  be 
utilized. 

To  my  great  regret,  I  have  not  been  able  to  carry  my  section 
completely  across  Terraba  to  the  Pacific.     On  the  summit  of 
Pico  Blanco,  after  robbing  Irazu  of  its  boast  that  it  was  the 
only  point  whence  both  oceans  can  be  seen  at  the  same  time. 
we  could  only  look  over  Terraba  and  wish.     The  granite  was 
pushed  up  after  the  deposition  of  the  Miocene.      This  I  have 
demonstrated  by  the  absence  of  granitic  pebbles  in  the  con- 
glomerate.    It  tnerefore  seems  probable  to  me,  d  priori  (I  admit 
a  not  pei'^^tly  safe  argument),  that  the  same  formation  ex- 
tended acrojs ;  and  standing  on  the  peak,  and  looking  at  the 
hills  and  plains  on  both  sides,  I  could  not  but  feel  convinced 
that  on  the  south  base  of  the  mountain  I  must  find  the  same 
rock  as  on  the  north.     Add  to  this,  that  but  a  few  miles  far- 
ther east  the  rock  does  actually  run  around  the  end  of  the 
granite,  there  seems  good  reason  for  expecting  to  find  the  plains 
of  Terraba  to  be  Tertiary.     Further,  as  far  north  and  nortnwest 
as  I  have  traced  sedimentary  rocks,  they  are  of  the  same  age, 
as  proven  by  fossils.     The  whole  Atlantic  slope  of  Costa  Rica 
may  be  safely  predicted  to  be  Miocene. 

Above  Moen  are  broad,  flat  plains,  which  sweep  around  to 
the  bases  of  the  volcanic  peaks  of  Turrialba  and  Irazu,  and  the 
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farther  north  I  followed  the  Miocene  the  less  disturbed  I  foood 
it.  East  of  the  volcano  of  Turrialba  I  found  Miocene,  witb 
abundance  of  characteristic  fossils,  but  little  tilted,  and  in 
oue  place  actually  horizontal.  Sweeping  rouod  to  the  west- 
ward, the  Candelaria  range  is  made  up  of  the  same  rock,  here 
somewhat  disturbed,  but  with  a  general  strike  corresponding  lo 
the  trend  of  the  ranga  Beyond  this  everything  is  covered 
with  great  beds  of  volcanic  ash  and  cut  up  by  innumerable 
dikes  of  volcanic  rock.  North  of  the  valley  the  magnificent 
line  of  volcanoes,  Turrialba,  Irazu,  Barba,  and  Poos  covers  all 
the  other  rocks ;  but  on  the  west  face  of  the  Aguacate  Moun- 
tains, where  the  coating  of  ash  is  in  places  absent,  we  find  highly 
altered  clayslones  These  are  rich  in  mineral  veins,  and  have 
been  thoroughly  explored  for  mines  of  gold  and  silver.  Whether 
the  rock  is  the  ancient  clay  slate  from  which  the  conglomerates 
were  formed,  or  whether  it  is  highly  metomorphosed  Tertiarf, 
we  have,  as  yet,  no  means  of  knowing,  and  the  problem  wuj 
require  careful  study  for  its  solution. 
Cuta  Rioa,  Not.  39,  1871. 


Abt,  XXrV. — Aote  on  thf  Biaeovery  of  a  new  locality  of  Primor- 
dial Fosfils  in  Hensielaer  Gsutity,  N.  Y.;  by  S.  W.  Ford. 

Several  weeks  ago,  in  company  with  my  friend  Mr.  James 
C.  Bell,  Jr-,  of  this  city,  I  visit&i  toe  hills  a  short  distance  to 
the  east  of  the  village  of  Lansingburgh,  for  the  purpose  of 
examining  more  minutely  than  I  had  previously  done  the  in- 
teresting series  of  rocks  there  exposed.  The  strata  first  met 
with  in  going  eastward  from  the  village  consist,  in  ascending 
ordfer,  as  follows:  (1)  a  series  of  thin-bedded  gray  sandstones 
with  slight  shaly  partings ;  (2)  a  series  of  fine  black  slal«s  and 
shales  alternating  with  thin  sandstone  layers  of  a  pinkish  color, 
the  surfai'cs  of  which  are  frequently  profusely  covered  witb 
ripple-marks  and  worm-burrows;  and  (S)  a  deposit  of  heavy- 
beaded  Rray  sandstone  witb  fractures  running  in  every  direc- 
tion, and  with  now  and  then  thin  shaly  seams  which  serve  to 
indicate  the  bedding:  the  surfaces  of  the  fractures,  with  fev 
exceptions,  thickly  studded  with  small  crystals  of  quartz.  The 
thickness  of  the  above  enumerated  beds  cannot  here  be  given 
with  exactness ;  but  that  of  the  thin  sandstones  is  not  far  from 
thirty  feet,  and  that  of  the  superposed  slates  and  shales  about 
twenty.  The  heavy -bedded  sandstones  are  of  much  greater 
extent  At  one  point  they  form  a  sharp,  bold  elevation, 
locally  known  as  "  Diamond  Rock."  All  of  these  beds  are 
arranged   in  a  series  of  close  synclinal  and  anticlinal  folda. 
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eaning  to  the  northwest ;  and,  as  a  result  of  this  arrangement, 
the  rocks  of  this  region  have  a  nearly  uniform  southeasterly 
:Iip.  I  was  unable  to  obtain  any  fossils  in  these  rocks,  but  at 
%  locality  about  half  a  mile  eastward  of  the  first  exposures 
examined  I  was  more  successful  At  this  point  an  apparently 
higher  series  of  slates  is  met  with,  and  these  are,  in  turn,  suc- 
ceeded by  a  considerable  deposit  of  conglomerate  limestone. 
This  latter  rock  is  a  most  singular  formation,  appearing  as  if 
composed  of  innumerable  blocks  and  wedges  of  limestone  con- 
fusedly thrown  down  and  afterward  firmly  cemented  together. 
It  appears  almost  incredible,  at  first  sight,  that  fossils  should 
occur  in  such  a  looking  mass.  But  in  a  detached  block  of 
limestone  lying  only  a  short  distance  from  the  deposit  in  ques- 
tion, and  to  which  I  am  satisfied  it  belongs,  I  found  upward 
of  half  a  dozen  imperfect  heads,  and  three  perfect  specimens  of 
what  I  consider  to  be  the  pygidium  of  Conocephalites  (Atops) 
trUineatus  Emm.  In  addition  to  these  I  obtained  from  the 
main  mass  an  unequivocal  specimen  of  Byolithes  Americanus 
Billings ;  and  on  examining,  on  my  return  home,  a  piece  also 
broken  from  the  rock  In  situ  by  Mr.  Bell,  I  found  a  specimen 
of  the  species  described  by  me  under  the  name  of  Obolella 
nit*doL  All  of  these  species  likewise  occur  in  the  Lower 
Potsdam  limestones  at  Troy.  No  perfect  specimens  of  the 
pygidium  of  C,  trilineatus  have,  to  my  knowledge,  hitherto  been 
found ;  and  while  reserving  the  complete  description  of  it  till 
another  time,  I  will  refer  to  its  leading  characters  here.  It  is 
nearly  semicircular  in  form,  the  axis  strong,  composed  of  seven 
segments,  with  a  row  of  obtuse  spines  along  the  middle ;  lat- 
eral lobes  composed  of  five  segments  each,  with  distinct  inter- 
vening grooves ;  marginal-rim  nearly  flat,  widest  toward  the 
front,  and  distinctly  and  regularly  notched  or  denticulated  all 
around.*  The  surface  of  the  border  is  finely  granular.  On 
page  405  of  his  "  Palaeozoic  Fossils,"  vol.  i,  Mr  Billings  has 
figured^  the  pygidium  of  a  trilobite  from  the  Quebec  group, 
which  has  the  marginal-rim  notched  in  precisely  the  same 
manner  as  that  of  C.  trilineatus,  Mr.  Billings  does  not  refer  it 
positively  to  any  genus.  On  comparing  the  characters  fur- 
nished by  the  figure  with  those  of  the  pygidium  of  C,  trilineatus^ 
I  strongly  suspect  that  the  form  in  question  belongs  to  the 
genus  Oonocephalites.  At  present,  it  appears  to  me  quite  prob- 
able that  it  is  the  tail  piece  of  Conocephalites  Zenkeri^  described 
on  page  898  of  Mr.  Billings'  work  cited. 

*  Id  tbe  oonfiguration  of  the  border  above  noticed,  this  species  differs  widelj 
from  AOj  qwoies  of  the  genus  hitherto  described.  Barrande,  in  his  beautifiii 
ivork  on  tiie  Trflobites,  plaoes  the  genus  Conocephatites  in  his  group  of  genera  in 
vhicb  the  border  of  the  pygidium  is  unbroken  or  entire  (Systdme  Silurian  de  la 
Bohlme,  voL  i,  p.  220).  The  species  known  as  ConocephcMea  lotoenns^  from  the 
WbeoDaiii  Primordial,  fumlahee  another  exception  to  the  rule.  In  that  s^^feciiM 
He  border  of  tibe  pygidium  ia  prolopged  backward  into  two  long  ^Tetf^bui^  v^\bml 
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I  reganl  the  Laiiaingburgh  limerock  as  the  stratigrapbioJ 
equivalent  of  my  limestone  band  No.  1,  at  Troy.  (See  tlliaJoa^ 
nal  for  August,  1873.)  They  are  lithologically  similar;  aod, 
moreover,  have  furDiehed  two  s|>e<.-ies  in  common,  namek, 
C.  Irilvie'itus  and  HyoUthes  Americanui.  At  Troy  this  depoeil 
is  similarly  underlaid  by  a  heavy  alat«  formation,  while  appar- 
ently below  this,  and  in  the  same  line  of  outcrop,  there  are 
exposed  at  one  point  a  fuw  layers  of  thick-he<Jded  sandstone 
similar  to  that  constituting  "Diamond  Rock."  The  inferior 
elatcii  and  thin-bedded  sandstones  of  the  Lansingburgh  section 
are,  so  far  as  direct  observation  goes,  here  wanting;  but,  if  I 
am  right  in  my  interpretations,  they  are  most  probably  present, 
but  are  not  brought  up  to  view.  The  equivalency  of  tbe  Troj 
and  Lanaingburgh  beds  cannot  be  proved  by  actual  inspection 
of  the  rocks  between  these  two  places,  since,  for  the  greater  por- 
tion of  the  distance,  there  are  almost  no  exposures.  In  my  lirsl 
regular  paper  relating  to  the  rocks  of  this  district  (this  Jo'nmsl, 
July,  1871).  I  briefly  referred  to  the  Lansingbutgb  slates  and 
sandstones  described  at  the  opening  of  the  present  article,  ami 
Bpoke  of  them  as  most  probably  an  inferior  division  of  the 
Lower  Potadam.  This  provisional  reference  was  based  alow 
u|)on  the  atratigraphica!  evidence  I  then  possessed,  as  the 
accompanying  limei-oek  had  at  tiiat  time  yielded  no  positive 
testimony  hearing  upon  the  subject  The  evidence  now  in 
hand  seems  to  sustain  the  correctness  of  that  reference,  but  il 
is  quite  jmaaible  that  these  lower  sandstones  may  yet  he  found 
to  contain  a  still  more  ancient  fauna.  I  hope  in  the  coEning 
spring,  if  my  opportunities  permit,  to  give  tnis  field  a  more 
careful  and  extended  study. 

Tro7,  N.  T.,  Dec  26th,  1BT4. 


Art.  XXV. — Abstract  of  a  Memoir  an  the  Origin,  and  Mechan- 
ism of  Production,  of  Uie  Prismatic  or  Vobimnar  Strucl'rrt  of 
Basalt;  by  Robert  Mallet,  F.RS.  (Read  before  the  RojiJ 
Society,  January  Slst,  1875.)* 

The  author,  having  briefly  traced  the  history  of  geological 
opinion  on  this  subject  from  before  the  period  when  the  cod- 
tmversy  in  which  the  igneous  or  aqueous  origin  of  basalt  maj 
be  viewed  as  settled,  and  having  stated  the  views  of  some  of  the 
more  prominent  British  nutbors  of  recent  date  on  this  subjetl, 
points  out  that,  up  to  the  present,  no  clear  and  definite  theo- 
retic views  have  been  enunciated  to  account  for  the  prismatie 
structure  in  basalt,  and  Ihnt  it  is  imjiossible  to  gather,  with 
*  W«  are  indebted  to  the  tutbor  for  this  abstract— Bob. 
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distinctness,  from  systematic  writers,  whether  prismatic 
cture  be  due  to  contraction  by  cooling  alone,  or  whether 
structure  is  due  to  preexisting  concretionary  or  crystalline 
mgement  of  the  integral  particles  of  the  mass,  or  to  this 
3ting  with  enormous  external  pressures,  the  origin  of  which 
jft  perfectly  vague,  or  to  some  play  of  successive  and  joint 
ons  of  all  these  various  forces, 
^rofessor  James  Thomson,  in  a  paper  read  some  years  ago, 

since  repeated  at  the  Belfast  Meeting  of  the  British  Asso- 
ion,  has  proposed  views  in  some  respects  new,  tracing  pris- 
ic  structure  to  contraction  by  cooling  only,  and  has  ex- 
$sed  entire  doubt  as  to  the  part  supposed  to  be  played  by 
cretionary  spheroids  pressea  together.  Professor  Thom- 
s  views,  however,  are  still  far  from  complete,  and  the  mode 
gned  by  him  to  the  production  of  cup-shaped  cross  joints  in 

Erisms  feils  to  account  for  the  phenomena, 
e  aim  of  the  author  is  to  point  out  in  this  paper  that  all 
salient  phenomena  of  the  prismatic  and  jointea  structure  of 
lit,  as  observable  in  nature,  can  be  accounted  for  upon  the 
litted  laws  of  cooling,  and  contraction  thereby,  of  melted 
c  possessing  the  known  properties  of  basalt,  the  essential 
ditions  being  a  very  general  homogeneity  in  the  mass  cool- 

and  that  the  cooling  shall  take  place  slowly,  principally 
n  one  or  more  of  its  surfaces. 

^hus,  taking  the  simple  case  of  a  tabular  mass  of  molten 
lit,  whose  too  surface  is  level,  the  depth  being  great,  and 

two  other  dimensions  indefinitely  greater  than  that,  and 
iming  the  material  at  one  temperature  initially,  and  honio- 
eous  and  isotropic,  and  that  cooling  takes  place  from  the 

surface  only,  he,  on  these  data,  proceeds  to  consider  the 
nomena  that  will  successively  result  by  contraction  in 
ling. 

Vhile  the  mass  remains  at  its  upper  part  still  plastic  by  heat, 
traction  will  be  met  by  internal  movements  and  subsidence 
;he  top  surface,  and  no  cracking  or  splitting  can  take  plac^ 
il  the  material  there  has  become  rigid  enough  to  break 
!er  tensile  strain.  He  points  out  that  this  degree  of  rigidity, 
'splitting  temperature, '  is  not  reached  until  the  top  surface 
fallen  to  between  900"^  and  600°  Fahr. 
It  this  temperature  the  cooling  surface  begins  to  separate 
fracture,  penetrating  perpendicularly  to  it  into  smaller  sur- 
s.  These  must  be  similar  and  equal  in  area,  and  such 
I  their  ed^es  in  contact  can  make  up  a  continuous  superfi- 
L  To  relieve  the  orthogonal  strains  in  the  cooling  surface, 
.  to  meet  the  above  conditions,  only  three  geometric  figures 
the  separating  surfaces  are  possible,  namely,  the  equilateral 
ngle,  toe  square,  and  the  regular  hexagon. 

i.  JouB  8*^1.  Third  ^nninB—VoL.  IX,  No.  51.— Maeoh,  1875. 
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The  author  then  inquires  why  the  hist  of  these  is  normally 
the  force  found  io  nature.  He  traces  this  to  the  law  of  least 
action  which  governs  the  play  of  all  natural  forces  whose  final 
result  is  produced  by  the  least  possible  expenditure  of  forct 
He  shows  that,  in  a  contracting  surface  splitting  up  into  equal 
areas,  the  expenditure  of  work  will,  for  the  equilateral  tnan- 
gle,  the  square,  and  the  regular  hexagou,  be  approximatelv  as 
the  numbers  1-000,  0-680,  and  0-519.  '  This  economy  of  force 
decides  the  hexagon  as  the  fonn  found  in  nature.  The  ilianie- 
ter  of  the  hexagon,  which  ia  the  upper  surface  of  the  inceptive 
hexagonal  prism,  is  shown  to  be  fixed  by  the  relation  that  sub- 
sists between  the  coefficient  of  contraction  and  that  of  its  ex- 
tension at  rupture  by  a  tensile  force  at  the  splitting  tempera- 
ture. This  decides  the  diameters  of  the  separate  prisms.  The 
splitting  by  contraction  proceeds  into  the  maas  always  in  el 
direction  perpendicular  to  the  cooling  surface,  and  at  any 
instant  the  splitting  is  limited  in  its  progress  by  the  isothermal 
couche,  which  is  at  the  splitting  temperature  within  the  mass ; 
for  within  that  couche  the  mass  is  still  pla.stic.  In  the  case 
a,ssumed  the  prisms  formed  are  straight  and  vertical.  When 
the  splitting  has  proceeded  to  some  distance  within  the  mass, 
the  further  cooling  of  each  prism  takes  place  not  only  from  the 
top,  but  fram  the  sides,  and  the  more  important  condili>'r)^ 
influeacing  the  l:\tter  in  u.itui-e  arc  pniiit''Li  nut. 

Any  one  prism  is  coldest  at  its  extreraiTy,  and  its  tempera- 
ture increases  along  its  length  to  the  other  end,  where  the 
splitting  is  still  proceeding.  The  prism  is  hotter,  also,  for  any 
transverse  section,  as  we  approach  its  axis,  than  about  the  ex- 
terior; differential  strains  m  the  longitudinal  direction  thus 
take  place,  by  cooling  and  contraction,  between  the  successive 
imaginary  couches,  taken  from  the  exterior  to  the  axis  of  the 
prism,  wliich  tend  to  cause  the  outer  portions  of  the  prisms  to 
tear  asunder  at  intervals  in  length  dependent,  like  the  diame- 
ter of  the  prisms  themselves,  upon  the  relation  subsisting  be- 
tween the  coefficient  of  contraction  and  of  extensibility  at  rup- 
ture of  the  material. 

The  prism  contracts  not  only  in  its  length,  but  in  its  diame- 
ter; transverse  fracture  at  its  surface,  when  it  occurs,  is  there- 
fore due  lo  the  resultant  of  two  orthogonal  forces,  the  one 
parallel  to  the  axis  of  the  prism,  as  already  referred  to,  and  the 
other  in  a  plane  transverse  to  the  axia  These  two  forces  are 
proportionate,  the  first  to  the  length  of  the  prism  from  a  pre- 
ceding joint,  or  from  its  extremity,  tlie  second  appi-oximalely 
to  the  semi-diameter  of  the  hexagon  ;  and  the  resultant  of  these 
two,  at  any  point  taken  round  the  prism,  is  oblique  to  the  a.'iis, 
and  tending  toward  it  in  direction.  As  fracture  in  a  homo- 
geneous solid  always  takes  place  transverse  to  the  lineof  stniii 
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so  the  fracture  producing  a  transverse  joint  takes  place  oblique 
to  the  sides  of  the  prism;  the  obliquity  becoming  less  as  the 
fracture  advances  toward  the  axis  of  the  prism,  so  that  when 
complete  it  is  cup-shaped,  the  convex  surface  of  the  fracture 
always  pointing  in  the  same  direction  as  that  in  which  the 
splitting  of  the  prism  itself  is  proceeding. 

This  solution,  which  is  believed  to  be  the  first  ever  presented 
which,  resting  upon  admitted  laws,  completely  accounts  for  the 
production  of  the  very  remarkable  cupped-shaped  joints,  is 
verified  and  illustrated  by  several  diagrams,  showing  the  mode 
of  production  of  these  joints,  and  the  modifications  of  their 
curvature  produced  by  varied  conditions  in  the  cooling. 

It  is  further  shown  that  the  partial  or  complete  detachment 
of  certain  fragments,  frequently  observed  to  be  partially  or 
wholly  detached  from  the  cusps  of  the  concave  side  of  these 
joints  at  and  near  the  solid  angles  of  the  hexagon,  is  a  conse- 
quence necessarily  resulting  from  the  mode  of  production  of 
the  joints  themselves.  The  author  then  points  out  that  in  the 
case  of  very  slender  prisms  other  (and  mechanical)  conditions 
besides  those  of  difl^erential  cooling  enter  into  the  production 
of  the  cross  joints,  which  are  at  more  considerable  and  irre- 
gular distances  apart,  and  in  planes  of  fracture  often  nearly 
transverse  to  the  axis  of  the  prism. 

He  also  discusses  the  modifications  produced  in  the  prisms 
themselves,  and  in  their  cross  joints,  by  heterogeneity  in  the 
mass  of  basalt  itself — as,  for  example,  by  a  more  or  less  previ- 
ously developed  cleavage  in  the  basalt  in  planes  transverse  to 
the  axis  of  the  prism,  or  by  the  presence  of  heterogeneous  sub- 
stances imbedded  in  the  mass.  To  these  latter,  and  to  differ- 
ences in  conductivity,  or  in  the  cooling  energy  at  different 
points  of  the  cooling  surface,  are  chiefly  to  be  ascribed  the 
aivergencies  from  the  normal  hexagonal  form  of  the  prisms,  as 
occasionally  observed,  the  author  remarking  that  wnere  such 
divergencies  occur  they  disappear,  and  the  normal  hexagonal 
form  is  returned  to  in  such  a  manner  as  to  require  only  the 
minimum  expenditure  of  work. 

The  conditions  producing  greater  or  less  interspaces  between 
the  prisms,  which  may  vary  from  point  to  point  of  the  same 
mass,  are  pointed  out,  as  also  those  which  cause  the  spaces  be- 
tween successive  joints  in  adjacent  prisms  to  coincide  in  succes- 
sive planes,  transverse  to  their  axes,  or  the  contrary. 

The  author  then  proceeds  to  discuss  the  various  positions  in 
space,  and  relatively  to  each  other,  which  the  axes  of  the 
prisms  must  assume,  depeudent  on  the  general  law,  as  alreadv 
stated,  that  the  axes  of  the  prisms,  however  produced,  are  al- 
ways normal  to  successive  isothermal  couches  or  planes  at  the 
splitting  temperature,  taken  in  succession  within  the  maai&^ 


If  the  mass  be  tabular,  as  already  assumed,  and  cooling  lake 
place  onl_v  from  tlie  top  surface,  tlie  prisms  will  be  slraiglit  aufl 
vertical,  extending  irom  top  to  bottom  Dearly  of  tbe  tabu- 
lar mass,  and  being  Beparateci  from  tbe  bottom  on  which  it  rt^is 
by  a  more  or  leas  thick  layer  of  irregular  angular  frogments,  or 
of  badly  conducting  materiiil,  tufa,  ecoriie.  &c.,  tbe  coDvei  sur- 
face of  the  joints  all  pointing  downward.  If  the  mass  cool, 
both  from  tbe  bottom  and  the  top,  the  priems,  vertical  and 
etraieht,  will  split  upward  and  downward,  and  meet  in  an  ir 
regular  intermediate  stratum  of  angular  fragments,  the  convex 
surfaces  of  the  joints  of  tbe  lower  prisms  pointing  upward, 
and  the  respective  lengths  of  the  upper  and  lower  ranges 
depending  on  their  relative  rates  of  cooling.  If  the  tabular 
mBBH  cool  also  from  one  or  more  of  its  sides,  as  by  an  abutting 
wall  of  rock,  prisms  will  be  produced  with  their  axes  perpen- 
dicular to  that  wall,  and  will  be  separated  from  the  vertiotl 
ranges  of  prisma  by  an  inclined  stratum  of  angular  fragmenls, 
AIbo  if  the  basalt  fill  a  crevasse  producing  a  dyke,  the  prisms 
fonned  by  cooling  will  be  generally  transverse  to  the  plaae 
of  ita  walls,  and  meet  somewhere  toward  the  center  in  a  stra- 
tum of  more  or  leaa  irregular  fragments,  due  in  all  cases  to  the 
irregular  contractions  at  the  extremities  of  the  prisms  breaking 
up  tlielr  mass  there  into  wholly  irregular  forms.  If  the  upper 
and  cooling  sup-face  have  a  curved  convex  contour,  the  pnsms 
shall  be  taper  and  convergent  from  the  surface  of  the  ma.'«: 
and  on  the  contrary,  if  the  cooling  surface  have  a  concave  con- 
tour, or  rest  upun  a  concave  bottom,  the  prisms  shall  be  diverg- 
ent Irom  the  interior  of  the  mass,  the  natural  law  of  economy 
of  work  limiting  the  length  or  amount  of  taper  in  either  case, 
limiting  the  length  of  the  prisms,  and  a  new  range  of  larger 
diameter  jtartially  or  wholly  then  commencing.  The  converg- 
ence or  divergence  are  simple  consequences  of  the  general  law, 
that  the  splitting  takes  place  always  normal  to  the  isothermal 
couches,  which  are  at  the  splitting  temperature. 

The  author  then  proceeds  to  develop  and  illustrate  by  dia- 
grams some  of  the  varied  and  curious  combinations  which  are 
observable  in  nature,  and  due  to  the  more  or  less  combined 
play  of  these  conditions.  He  then  proceeds  to  develop,  as  a 
consequence  of  the  general  law,  the  production  of  curved 
prisms,  or  those  with  apparently  bent  axes,  which  are  observed 
in  almost  all  basaltic  countries.  If  the  cooling  mass  of  basalt 
be  in  one  of  ita  vertical  sections  of  such  a  form  that  succes- 
sive isothermal  couches,  taken  in  descending  order,  are  not  yax- 
allel  to  the  originnl  cooling  svirface,  as  they  are  in  all  ca(*es  of 
straight  and  parallel  prisms,  but  divergent  gradually  from  tbe 
cooling  surface  and  from  each  other,  then  the  lines  of  splittinz 
of  the  priams,  always  normal  to  these  couches,  must  be  curvea 
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in  one  direction.  This  will  be  true  whether  the  isothermal 
couches  be  plane  surfaces  divergent  from  a  thinner  to  a  thicker 
part  of  the  mass,  or  whether  they  be  curved  surfaces  arising 
from  the  mass  reposing  on  a  curved  bottom,  and  diverging  in 
like  manner.  This  explanation  of  the  production  of  curved 
prisms,  without  the  necessary  intervention  of  external  mechan- 
ical forces,  having  bent  into  curves  prisms  originally  formed 
straight,  is,  the  author  believes,  here  for  the  first  time  presented. 
He  shows  that  great  difficulties  exist  to  the  supposition  that 
curved  prisms  are  ever  the  result  of  the  bending  of  prisms 
originally  straight  by  extraneous  mechanical  eflfort,  Tne  au- 
thor having  thus  shown  that  all  the  salient  phenomena  pre- 
sented in  nature  by  the  forms,  jointings,  positions  of  the  prisms, 
&c.,  of  columnar  basalt  are  accounted  for  as  consequences  of 
contraction  in  cooling,  submits  that  this  solution  given  by  him 
must  be  the  true  one.  He,  however,  proceeds  to  examine  at 
some  length  the  diflFerent  views  of  those  who  have  imagined 
that  prismatic  and  jointed  basalt  has  resulted  from  the  squeez- 
ing together  by  some  wholly  imaginary  external  force  of  sphe- 
roidal masses,  more  or  less  resenibling  those  known  as  "onion 
3U3nes,"  or  concretionary  spheroids,  such  as  those  imagined  by 
Mr.  Gregory  Watt  The  author  submits  all  points  of  the  sub- 
ject to  a  searching  examination,  and  points  out  that,  upon 
the  only  probable  suppositions  that  can  be  made  as  to  the 
pre-arrangement  of  such  spheroids,  no  extraneous  force  of  com- 
pression could  produce  prisms  at  all,  but  must  squeeze  the 
spheroids  instead  into  rhombic  dodecahedrons. 


SCIENTIFIC    INTELLIGENCE. 

L  Chemistry  and  Physics. 

1.  On  Atmospheric  Hydrogen  Peroxide. — Between  the  first  of 
July  and  the  first  of  December,  1874,  Sch5ne  examined  one  hun- 
dred and  thirty  specimens  of  rain,  and  twenty-nine  specimens  of 
snow,  for  hydrogen  peroxide.     These  experiments  were  made  in 
the  vicinity  of  Moscow.     Of  the  whole  number  of  specimens  of 
rain,  only  four  failed  to  respond  to  the  test,  though  out  of  the 
twenty-nine  specimens  of  snow,  twelve  gave  no  reaction.     Having 
established  toe  fact,  the  author  continued  his  investigations  with 
reference  to  the  following  points:  (1)  Form  of  occurrence  of  hy- 
drogen peroxide  in  the  atmosphere ;  whether  gaseous  or  dissolved 
in  the  flaid,  or  solid  rain  or  hail;  (2)  Relation  to  other  meteoric 
phenomena,  to  time  of  day  and  to  season  of  the  year;  (3)  Rela- 
tion to  the  ozone  of  the  atmosphere ;  (4)  How  produced  in  the 
Mr;  (6)  Part  played  by  it  geologically  and  botanically;  (6)  Ac- 
tion upon  the  animal  economy  when  breathed;  and  [J)  H^^^uv^ 
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importauce.  For  this  purpose,  all  the  rain,  hail,  snow,  dew,  and 
frost  were  collected  and  tested  for  hydrogen  peroxide,  the  analysis 
being  quantitative  when  possible.  Further,  at  various  times, 
especially  in  clear  weather,  artificial  dew  and  frost  were  prepared 
and  examined.  Careful  meteorological  records  were  kept  daring 
the  entire  interval  at  the  adjoining  observatory.  The  ozone  was 
determined  by  a  Schonbein's  ozonometer.  The  results  show: 
that  the  quantity  of  hydrogen  peroxide  in  rain  varies  from  0*04 
to  1  '00  milligram  per  liter ;  that  the  larger  the  drops,  the  greater 
the  amount;  that  the  first  rain  after  dry  weather  is  poorer  in 
peroxide  than  that  which  falls  later ;  that  the  peroxide  is  greatest 
when  the  wind  is  south  and  southwest,  that  in  the  rain  brought 
by  the  equatorial  current  being  greater  than  that  whicli  falls  in 
the  rain  produced  by  the  conflict  of  tliis  with  the  polar  current, 
or  brought  by  the  latter  current  itself;  that  the  relative  quantity 
of  peroxide  in  rain  increases  from  the  summer  solstice  to  the 
autumnal  equinox,  and  then  diminishes ;  that  the  quantity  is  not 
greater  in  rain  which  falls  during  a  thunder-shower;  and  that 
during  the  four  months,  the  absolute  quantity  of  hydrogen  peroxide 
contained  in  the  2*21  liters  of  rain  which  fell  upon  each  square 
meter  was  only  62*9  milligrams.  In  snow  there  was  only  0*05 
mgr.  peroxide  to  the  liter,  the  amount  diminishing  toward  the 
winter  solstice.  Natural  dew  and  frost  contain  no  peroxide,  or  at 
least,  less  than  one  twenty-five  millionth  of  this  substance.  In 
artificial  dew  and  frost,  the  amount  of  peroxide  varie<l  from  0*04 
to  005  mgr.  per  liter,  reaching  on  a  bright  moonlight  night  in 
summer  0*1)0  m<jrr.  The  amount  increased  with  tlie  altitude  of 
the  sun.  The  dailv  maximum  was  reached  hetween  12  and  4 
o'elock  P.  M.,  and  the  annual  in  the  month  of  August.  The 
amount  is  greater  the  liiifhter  the  temj>erature,  the  clearer  the 
skv,  the  hiirher  the  absolute  and  the  lower  tlie  relative  humiditv 
of  the  air.  Tiie  author  concludes  that  the  |»eroxide  is  contained 
in  the  air  both  tree  and  in  solution,  to  the  extent,  as  a  maximum, 
of  OOoOooo^GS  c.c.  in  a  liter.  He  also  believes  tliat  sunlii^ht 
plays  an  important  part  in  its  ]>roduction.  The  experiments  are 
still  in  j>rogress. — Ihr.  Ihrl,  Chem,  Gts.,  vii,  1G93,  Dec,  1874. 

G.    F.    B. 

2.  On  tht  Absorption  Spectra  of  Pottu^.^itoyi  and  Sodium. — 
Kos«  OK  and  StiirsiKj;  have  examined  tlie  absorption  produced  in 
the  spectrum  by  the  vapors  ot*  potassium  and  so<lium.  Fragments 
of  the  tormer  metal,  placed  in  tubes  filled  with  hydrogen,  were 
heated  until  the  green  vapors  appeare<l.  A  continuous  spectrum 
fr<»m  a  calcium  light  placed  behind  the  tube,  suliered  absorption 
within  it,  and  was  examined  by  means  of  a  Steinheil  sj)ectroscope 
of  two  prisms.  A  complicated  absorption  s{)ectrum  appeared,  am- 
sislinij:  of  three  groups  of  bands;  the  tirsi,  group  .»,  appeared  first 
anil  was  in  the  red  ;  tlie  second,  0\  was  on  the  one  si<le,  and  the 
thinl,  1  ,  on  the  «»ther  of  the  1>  lines.  These  bands  shaded  off 
towanl  the  red  and  resembled  in  general  the  bands  of  iodine. 
Thi»  position  of  the  bands  was  approximately  measured.     Group 
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r  consisted  of  nineteen  bands,  varying  in  wave-length  from  6844 
o  6*275  ten-raillionths  of  a  meter;  group  (i  of  eight  lines,  from 
J059  to  5901  ;  group  y  of  thirteen  lines,  from  5860  to  5667. 
The  ordinary  spectrum  lines  of  the  metal  were  not  seen  reversed 
>wing  to  the  too  feeble  intensity  of  the  calcium  light.  Similar 
xperiraents  with  sodium  led  to  similar  results.  The  blue  vapor 
^ave  an  absorption  spectrum  showing  in  the  blue  a  group  of 
»auds  (y)  eleven  in  number,  followed  soon  after  by  a  group  in 
he  red  and  yellow  (a)  consisting  of  twelve  bands,  and  tnen 
»y  group  (/>)  in  the  orange  made  up  of  seven  bands.  Sodium 
apor  in  an  iron  tube  heated  to  redness  shows  an  absorption  spec- 
rum  in  which  the  red,  the  green  and  a  part  of  the  blue  are  re- 
aoved.  The  D  absorption  lines  widen  considerably  and  a  strong 
^sorption  band  appears  in  the  green.  Hence  only  a  part  of  the 
•range,  the  green  and  the  ultra-blue  are  transmitted. — Proc.  Roy, 
fcc,  xxii,  362;  J,  Phys,,  iii,  344,  Nov.,  1874.  G.  P.  B. 

3.  Preparation  of  Glacial  Formic  Acid, — In  the  ordinary 
►reparation  of  strong  formic  acid,  by  passing  hydrogen  sulphide 
;a8  over  lead  formate,  gently  heated  over  a  free  fire,  the  product 
3  always  contaminated  with  sulphur  products  which  communicate 
n  unpleasant  odor  to  the  acid,  and  which  cannot  be  removed. 
J.  Berthelot  finds  that  this  may  easily  be  avoided  by  conduct- 
ng  the  decomposition  at  a  low  temperature.  The  well-dried  lead 
ormate  is  placed  in  a  U  tube  which  is  immersed  in  an  oil  bath, 
he  temperature  of  which  must  not  surpass  330°  C.  Hydrogen 
ulphide  is  then  slowly  passed  over  it  and  the  product  is  collected 
nd  purified  by  fractioning.  Placed  in  a  freezing  mixture  and 
olidified,  it  may  be  concentrated.  The  pure  acid  solidifies  at  a 
emperature  of  8 '6,  a  temperature  considerably  higher  than  that 
sually  stated  in  the  text-books.— -Bt///.  Soc,  Ch,,  H,  xxii,  440,  Nov., 

874.  G.   F.   B. 

4.  On  Phosphenylous  Acid. — Precisely  as  phosphorous  chloride 
eacts  with  water  to  produce  phosphorous  acid,  so  phosphenylous 
hloride  reacts  to  yield  phosphenylous  acid,  according  to  the  equa- 
ion :  C6H,PCla+(Hj,0)2=CeH,PHjO^-h(HCl)2.  Michaelis 
nd  Ananoff  have  made  use  of  this  acid,  discovered  by  them, 
or  the  purpose  of  getting  some  light  upon  the  constitution 
f  phospDorous  acid  itself.  The  phosphenylous  acid  is  obtained 
n  white  crystalline  plates,  easily  soluble  in  water  and  alco- 
lol,  and  fusing  at  70°.  It  is  monobasic.  The  author  describes 
he  potassium,  ammonium,  calcium,  barium,  lead  and  iron  salts. 
^tween  the  two  views  held  on  the  constitution  of  phosphorous 
«id,  one  that  it  is  a  trihydroxyl  derivative  of  phosphorus, 
*(0H)3,  the  other  that  it  is  derived  from  phosphoric  acid  by 
eplacing  hydroxyl  by  hydrogen  and  is  P0(0H)2H,  the  authors 
ought  to  decide  from  the  reactions  of  phosphenylous  acid.  This 
asy  be  considered  either  as  P(OH)2CgH5,  or  as  C<,H^PO(OH)H. 
Vnich  of  these  formulas  is  correct,  may  be  determined  by  the 
etion  of  phosphoric  chloride.     In  the  first  case  the  reaction  is: 

P(OH),C,H,+(PClJj=PCI,C,H,  +  (POCl,),  +  (HCl)„ 
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tbe  proilntits  being  phosplienylous  chloride  and  phosplioryl  cLlo- 
ride.     In  the  eecoud  ease: 

C.H.PO(OH)H4.(PCl.),=C,H,POCl,+POCl.+PCl.-)-{HCl) 
tho  products  now  being  pho^pheuylous  oxychloride,  phosphoryl 
chloride,  and  pbosphorous  chloride.  Experiment  entirely  con- 
firmed the  latter  view.  In  the  case  now  of  phosphorous  acid 
itself,  the  products  given  when  it  is  acted  on  by  phospheayl  tetra- 
chloride must  be  according  to  one  of  two  equations  In  the  fini 
case:  P(0H)j4-(CbH,PCI.) j=PCl3+(C,H,POCl,)a+(lICl)i. 
In  the  second  c&ec,  the  reaction  is : 

OPH(OI1)(+(C.H.PCU),=POC1,+(POC1,C,HJ,+ 
C,II>FC1^{HC1),. 
The  phosphorous  acid  was  prepared  by  acting  on   tbe  chloride    | 
with   water,  and  was  treated  with  tbe  tetrachloride   in   a  flask. 
Phosphoryl  chloride,  but  no  phosphorous  chloride,  was  forme^l. 
The   traction    of  the   distillate   boiling    above   220°  gave,  when 
treated  with  water,  phoephenylons  and  phosphcnylie  acida,  thn» 
proving  the  preHence  of  the  corresponding  chlorides,  POCI,C^IIj 
and  PClaC.Hj.     The  author*  believe,  therefore,  that  the  formnls 
0PU(0H)2  represents  the  tme  coustitution  of  phosphorous  acid. 
—^er.  Berl  Vhetn.  Gea.,  vii,  1688.  Dec.,  1874.  g.  f.  b. 

8.  On  the  PT^duetion  of  Sareolactio  Aciil  by  Urmentalion.^ 
Malt  some  time  ago  showed  that,  under  the  inSueneu  of  ihe 
mucous  coat  of  the  stomach,  many  of  the  carbohydrates,  as  cane- 
sugar,  grape-sugar,  milk-augar,  dextrin,  etc.,  were  converted  into 
lactio  acid.  The  ferment  in  this  case  is  a  product  of  the  dend 
tissue,  since  the  living  raucous  membrane  has  no  power  to  effect 
this  conversion.  Since  that  time,  the  author  has  obsened  thai 
oflen,  bnt  not  always,  there  is  simultaneously  formed  some  sareo- 
lactio acid,  proved  to  be  such  by  the  composition  of  the  zinc  salt 
and  its  much  greater  solubility.  The  precise  conditions  under 
which  this  formation  takes  place  have  not  been  detcrniiai'd; 
though  in  one  case  sarootactic  acid  was  the  sole  product.  Tbis 
acid  has  been  alike  produced  from  grape  and  from  milk-sngar; 
tbe  seuaration  of  the  two  tiac  salts  being  effected  by  fractional 
crystMjlization.  Maly  also  mentions  the  discovery  of  sareolactio 
acid  in  the  fluid  of  an  ovarian  cyst,  far  from  muscular  tissue— 
JSer.  Berl.  Chem.  (?«.,  vii,  1587,  Dec,  1874.  o.  v.  a 

8.  On  the  .4ntisg>tio  A(^ion  of  Salic;/lie  Acid. — Ksop,  at 
Kolbe's  suggestion,  has  made  some  experiments  to  ascertain  the 
action  of  salicylic  acid  upon  vegetation.  The  results  prove  thai 
this  acid  has  a  marked  action  upon  the  vegetative  activity  I'f 
cells,  whether  these  be  the  cbloropnyll  cells  of  the  higher  or  the 
non-chlorophyll  cells  of  the  lower  orders  of  plants,  provided  oqIt 
the  acid  remain  free  in  tbe  liquid.  Two  vigorous  maize  plants,  i 
or  5  decimeters  high,  groun  in  his  wcll-kuown  solution  and  wdl 
rooted,  were  immersed  in  500  c.c.  of  this  solution,  to  which  had 
been  added  lOO  c.c.  of  a  solution  of  salicylic  acid  containing  OA 
per  cent  of  the  acid.     A  third,  fourth  and  fifth  plant  was  simi- 
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larly  treated,  using  tartaric,  citric,  and  lactic  acids  respectively  in 
place  of  salicylic.  In  the  salicylic  solution,  the  roots  were  killed. 
The  new  roots  put  out  during  the  duration  of  the  experiment; 
became  dark  upon  their  ends,  and  under  the  microscope  their  cells 
were  seen  to  be  markedly  affected,  the  protoplasm  separating 
from  the  cell-walls.  A  second  crop  of  roots  fared  similarly  ;  but 
the  third  was  more  successful,  and  the  plant  continued  to  live  in 
the  solution  for  a  long  time.  No  mould,  however,  formed  on  the 
surface  of  the  liquid  even  after  three  weeks.  The  other  acid  solu- 
tions killed  the  maize  plants  in  three  weeks,  but  the  surfaces  were 
covered  with  a  thick  layer  of  mould.  Neither  maize  nor  buck- 
wheat grains  germinate  after  soaking  in  water  to  which  an  equal 
volume  of  a  saturated  solution  of  salicylic  acid  has  been  added, 
not  even  by  planting  in  earth.  Fifteen  grains  of  corn  were  soaked 
in  water  containing  ^(fivu  ^^  salicylic  acid,  and  then  placed  in  a 
germinating  fluid  consisting  of  50  c.c.  gypsum  solution,  50  c.c. 
solution  salicylic  acid  of  0*1  per  cent,  in  a  uter  of  water;  14  failed 
to  germinate.  The  same  fact  appeared  with  buckwheat,  wheat, 
rye,  and  oats.  A  similar  depression  of  vegetative  activity  was 
observed  in  the  case  of  mould;  the  difficulty  of  germinating 
seeds  in  solutions  in  June  and  July,  owing  to  the  rapid  production 
of  mould,  being  entirely  obviated  by  the  use  of  a  highly  dilute 
solution  of  salicylic  acid. — J.  pr.  (Jh,^  II,  x,  351,  Nov.,  1874. 

G.    F.    B. 

7.  OttUines  of  Proximate  Organic  Analysis;  by  Albert  B. 
Prescott,  Professor  of  Organic  and  Applied  Chemistry  in  the 
University  of  Michigan.  192  pp.  12mo.  New  York,  1875  (Van 
Nostrand). — ^This  work  is  a  useful  and  much  needed  laboratory 
manual,  for  the  identification,  separation,  and  qualitative  deter- 
mination of  the  more  commonly  occurring  organic  compounds.  It 
is  well  arranged  for  the  use  of  the  student  in  the  laboratory,  and 
will  be  found  valuable  also  to  the  teacher.  It  is  to  be  followed 
by  a  manual  of  the  "  Chemical  Examination  of  Alcoholic  Liquors,'' 
by  the  same  author. 

8.  Passage  of  Oases  through  Liquid  Films, — Dr.  F.  Exneb 
has  determined  quantitatively  the  penetration  of  various  gases 
through  the  film  of  a  soap  bubble,  an  effect  shown  qualitatively 
by  Draper  and  MarianinL     Calling  C  the  co-efficient  of  absorp- 
tion of  the  gas  for  the  liquid  of  which  the  film  consists,  and  6  the 
density  of  the  gas,  he  has  deduced  the  law  that  the  velocities  of 
diffusion  of  gases  are  proportional  to  C  divided  by  ^/c^.     For  the 
diffusion  velocities  of  the  gases  examined,  putting  that  of  air  =  1, 
the  followinff  numbers  were  found  by  observation  :  N=0*86,  0=: 
1-96.     Illuminating  gas  =  2-27,  H=3-77,  COs=47;l,   1138=651, 
NH, =46,000.     Within  these  extraordinarily  wide  limits,  between 
0*86  and  46,000,  the  observations  are  in  perfect  accord  with  the 

formula  -^.      Experiments  were  also  made  for  the  purpose  of 

Mcertaining  the  absolute  velocity  of  diffusion.     These  gave  for 
tke  difEosion  of  H  in  air  through  a  soap  film,  that  in  one  mmuXie  V%^ 


cubic  cenlimeUTfi  H  and  60  oub.  centim.  oi  air  simiiltan^oorh 
pass  through  one  square  ceniim.  of  the  film. — Jioi/.  Acad.  Scuufo. 
Vienim,  Nov.  Sth,  1874;  PAH.  Ma;/.,  xlviii,  547.  E.  c  r. 

9.  ZaU  improoeinent»  in  Magneto-Electric  MachitiKS. — M,  L 
T.  Gramuh  describes  the  improve  men  ts  effected  in  the  mM-'hine 
■which  heaiu  his  name,  by  which  its  power  is  greatly  iiicrfa.tod.  In 
1872  one  machine  was  made  for  producing  the  light,  Iwu  for  plat- 
ing, and  several  small  machines.  The  latter  could  redden  10  cnii 
of  platinum  wire  '3  mmn.  in  diameter.  Those  now  made  redden 
80  cms,  of  the  same  wire,  though  there  is  no  increase  in  the  cost 
or  weight.  This  large  increase  is  principally  due  to  the  employ- 
ment oC  the  new  magnets  id  sheets  of  Jumin.  In  1872  and  1873 
twelve  large  machines  for  plating  were  conntrueted  weighing  75u 
kgs.  and  containing  175  kg8.  of  copper  apiece  Their  height  was 
18"  cms.,  theiP  length  80  cms.,  they  deposited  600  grams  of  silrer 
per  hour  and  required  for  this  work  a  force  of  75  kilogrammetera, 
The  new  plating  machine  has  but  one  central  ring  instead  of 
two,  weighs  177  kgs.  and  contains  47  kgs.  of  copper.  Its  dimtn- 
siona  are  6S  cms.  on  a  side  and  60  cms,  high.  Like  the  other, 
it  deposits  600  grs.  per  hour,  but  requires  only  50  kgnitr^  to 
run  it.  It  therefore  occupies  but  one-half  the  space  of  the  old 
form,  the  weight  is  reduced  three-quartere  and  the  motive  force 
one-third.  These  improvements  are  effected  by  suppressing  the 
exciting  bobbin,  putting  the  electro-magnet  direetly  into  the  cir- 
cuit, by  a  btltir  arrangement  of  the  copper,  and  by  slightly  incrtas- 
ing  the  R|)eed.  The  eoils,  instead  of  being  tbrmed  of  wire,  are 
now  constructed  of  a  band  of  thin  copper,  of  width  equal  to  one- 
half  the  length  of  the  bars  of  the  magnet,  eo  that  four  large  rib- 
bons are  used  for  each  machine. 

The  plan  of  putting  the  electro-magnet  into  the  main  circuit 
gives  rise  sometimes  to  a  curious  change  in  polarity.  When  the 
machiues  are  in  motion,  and  the  circuit  close^l  through  metallic 
baths,  the  direction  of  the  current  remains  the  same  indefinitely, 
But  if  suddenly  stopped,  the  current  induced  by  the  eleetro-nise- 
net  reverses  the  polarity  of  the  latter,  so  that  if  the  machine  U 
again  started  the  current  passes  in  the  opposite  direction  and  re- 
moves the  silver  it  has  just  deposited.  To  avoid  this  trouble,  he 
inserts  in  the  circuit  an  electro-miigiiet,  which  ordinarily  hold  up  an 
armature,  and  keeps  the  oii-ouit  closed,  but  as  soon  as  the  speri 
slackens  below  a  certain  point,  the  armature  drops  and  breaks  the 
oircnit,  thus  preventing  the  induced  current.  By  applying  these 
improvements  to  the  old  form  of  machine,  Its  capacity  was  at  once 
raised  from  000  to  2,100  grams  per  hour. 

The  first  machine  for  generating  the  light  weighed  1,000  fcgs., 
the  copper  of  the  magnets  weighing  250  kgs.,  that  of  the  ring  TS 
kffs.  The  space  occupied  was  80  cms.  on  a  side  and  125  cms. 
high.  This  was  used  a  long  time  in  the  tower  of  Westminster, 
and  for  two  years  has  not  given  much  trouble,  though  it  heated  a 
little  and  gave  sparks  around  the  commutator.  The  new  fonn 
weighs  163  kgs.  and  contains  only  47  kgs.  of  copper.     Us  length 
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and  breadth  are  55  cms.,  and  its  height  60  cms.  The  capacity  is 
however  much  less,  being  only  2  DO  Carcel  burners,  instead  of 
1,000.  A  greater  light  may  nevertheless  be  obtained  by  an  in- 
creased speed,  as  is  shown  by  the  following  results  of  ten  series  of 
experiments :  650  turns  gave  a  light  of  77  burners ;  850  gave  1 25  ; 
880,  150;  and  900,  200  without  heating  or  sparks.  935  gave  250 
with  slight  heating,  and  1,025  gave  290,  but  produced  heating 
and  spaAs.  Comparing  with  the  machine  of  the  company  of  the 
Alliance,  in  use  at  the  lighthouse  of  La  H^ve,  we  find  that  this 
also  gave  a  light  of  200  burners,  but  weighs  2,000  kgs.  and  occu- 
pies a  space  of  170X135X150  cms.  its  weight  is  therefore 
twelve  tunes  as  great,  the  surface  covered  seventeen  times  as 
great,  and  the  volume  eighteen  times  as  great. 

These  machines  having  neither  cranks,  connecting  shafts  or 
dead-points,  are  well  adapted  to  the  transformation  of  electricity 
into  work.  One  of  the  small  machines  gave  the  results  shown  in 
the  accompanying  table,  when  run  with  Bunsen  cells  of  0*20. 
The  first  column  gives  the  number  of  cells,  the  second  the  number 


Cell, 

Turns. 

Power. 

OelL 

Turns. 

Power 

2 

760 

•32 

7 

1100 

414 

3 

810 

1-02 

8 

1100 

5-00 

4 

1000 

1-02 

8 

900 

4-81 

4 

900 

1-80 

9 

1500 

5-11 

5 

1100 

2-50 

10 

1700 

5-52 

6 

1000 

3-36 

10 

1300 

6-16 

of  turns,  and  the  third  the  work  done  in  kilogram  meters.  This 
suggests  a  convenient  method  of  transmitting  power,  placing  one 
machine  near  the  source,  and  transmitting  the  current  to  any  dis- 
tance by  a  wire  or  cable.  A  conclusive  experiment  was  made  as 
follows :  a  machine  was  driven  by  a  steam  engine,  by  a  power  of  75 
kgmtrs.,  determined  by  a  friction  brake.  The  current  moved  a  sec- 
ond machine  with  a  second  brake,  which  gave  39  kgintrs.,  or  more 
than  half.  But  as  the  power  was  first  changed  mto  electricity 
and  then  the  electricity  into  power,  the  coeificiecit  of  efficiency  of 
each  machine  must  have  been  over  70  per  cent. 

A  curious  fonn  of  machine  is  made  by  winding  with  two  wires, 
one  coarse,  the  other  fine.  The  current  from  two  Bunsen  cells  is 
then  passed  through  the  first,  running  the  machine,  and  producing 
a  current  of  high  tension  in  the  fine  coil.  A  telegraph  may  thus 
be  run  by  two  Bunsen  cells. —  Compt,  Bend,,  Ixxix,  1178.  Articles 
fully  illustrated  on  the  same  subject  may  also  be  found  in  Engin- 
eering, Nov.  27th,  1874,  and  in  the  Annates  IndustrieUes.  k.  c.  p. 

10.  Expansion  of  Phosphorus. — Mms.  Pisati  and  DkFranchis 
have  measured  the  expansion  of  both  solid  and  liquid  phosphorus 
at  temperatures  from  0°  to  270°  C.  They  employed  a  cylindrical 
dilatometer  with  a  graduated  neck.  This  was  immersed  in  a  bath 
of  oil  kept  stirred  continuously,  and  the  greatest  errors  were  esti- 
mated at  a  tenth  of  a  degree.  The  readings  were  all  reduced  to 
degrees  of  the  air-thermometer  by  a  direct  comparison.     From  a 


large  number  of  experinienta  they  deiliiceti  the  following  resnlu, 
The  apeoific  volame  of  solid  pliospborus  is  given  by  the  equatjoo: 

W(=:Wo4-2000XI0"'' +  1150X10"' "I' 
snd  of  liquid  phosphorus  by  : 

M^M5o+29a9X10-'{(— 50)+2n5XlO*i"{-50)' 
The  meaa  co-cflioieDt   of  dilatation  per  degree  for  solid  phos- 
phorus from  0°  to  w°  is  given  by  the  formnla: 

K=3674X  10-'+211X  10-»(, 
and  for  liquid  pboephorus: 

R=6187XI0-T+37OX10-«{(-5O). 
—  Gaze,  Chini.  ltal.,iy,  1874.  e.  C.  p. 

11.  Velocity  of  Light.— M.  Coitnu  gives  the  results  of  some 
meaeureinents  he  has  made  on  the  velocity  of  light  under  the 
direction  of  the  Council  of  the  Observatory,  at  the  guggestioa 
of  LeVerrier  and  Fizeau.  The  method  employed  was  thai  of  the 
toothed-wheel,  first  employed  by  Fizeau  In  1649.  The  result  thm 
obtained  was  298,600  meters  from  measurements  between  the 
Folyteehnic  School  and  Mt.  Valerian.  The  stations  now  selected 
were  the  Observatory  and  the  tower  of  Montlhery,  distant  about 
23  kilometers,  a  distance  accurately  determined,  and  famous  for  iti 
nae  in  the  iletermination  of  the  meter,  and  more  recently  for  Uie 
velocity  of  sound.  The  telescope  at  the  Observatory  had  a  fijc»l 
length  of  886  cms.  and  an  aperture  of  ST  ems.,  the  other  a  focJ 
length  of  200  cms,  and  an  aperture  of  15  cms.  A  simple  re- 
flector was  placed  at  its  focus,  and  the  whole  was  enclosed  in  » 
large  iron  tube  and  built  into  the  wall.  The  toothed  wheel  could 
be  turned  with  any  velocity  up  to  1600  turns  per  second,  and  by 
a  chronograph  and  electric  register  the  time  measured  to  thou- 
sandths of  a  second.  The  method  of  measurement  is  well  known, 
and  the  precise  time  of  disappearance  was  marked  and  the  veloo- 
itv  measured  electrically.  This  was  necessary,  since  it  was  impofr 
sinle  to  preserve  a  perfectly  uniform  motion.  504  observaliow 
were  thus  taken,  and  the  results  are  given  in  the  following  table. 
The  column  headed  'i  gives  the  number  of  teeth  that  passed  dor 
ing  the  passage  of  the  light ;  the  column  headed  m  gives  the  num- 
ber of  times  the  observation  was  made,  and  the  column  V  giv« 
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to 
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or  300,400  meters  i» 

1,  with  a  probable  error  of  only  one-tenth  of  one  per  cent 
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nethods  of  measuriDg  the  parallax  of  the  sun  may  be  di- 
ito  three  classes.  Ist.  The  physical  methods  dependent 
lal  phenomena.  They  include  the  eclipses  of  the  satellites 
:er  and  aberration  of  the  fixed  stars,  together  with  the 
f  the  velocity  of  light  Employing  the  results  here  ob- 
yive  8"-88,  s'^'SS  and  8"-80,  or  a  mean  8"'86  as  the  solar 
:.  2d.  The  analytical  methods  of  astronomical  observa- 
ith  theoretical  laws  based  on  the  theory  of  gravitation, 
ve  the  value  8"'86.  3d.  The  purely  geometrical  methods 
parallax  of  the  planets  near  the  earth.  The  opposition  of 
I  1802  gave  8"*84.  But  the  greatest  accuracy  is  attained 
observations  of  the  transit  oi  Venus. —  Comptes  HenduSy 
361.  K.  c.  p. 

hi  a  new  way  of  iUustrating  the  Vibrations  of  the  Air  in 
Pipes  ;  by  Prof.  Joseph  Lovering,  of  Cambridge,  Mass. 
ihe  Proceedings  of  the  American  Association  for  the  Ad- 
ent  of  Science,  vol  xxiii.) — I  shall  begin  with  a  brief 
:ion  of  the  methods  adopted  by  W.  B.  Rogers  and  Kceuig 
ing  visible  the  vibrations  of  the  invisible  air  in  organ  pipes. 

first  method  two  gas  burners  were  fed  from  a  common 
r ;  a  glass  tube  was  placed  over  one  burner  and  the  length 
flame  altered  until  it  was  brought  into  unison  with  the 
ental  note  of  the  tube,  and  an  energetic  vibration  of  the 
id  the  column  of  air  began.  The  flame  on  the  other  burner 
»rated  from  sympathy.  The  individual  vibrations  of  this 
lame  were  unraveled  by  making  the  burner  revolve  in  a 
rcle  of  about  one  inch  in  diameter.  A  cylindrical  sheet  of 
?sulted  from  the  motion,  which  was  channelled  by  dark 
is  soon  as  the  sound  was  heard.  The  method  has  the  ad- 
J  of  giving  an  object  which  can  be  seen  in  all  directions, 
e  disadvantage,  however,  on  account  of  the  small  circle  in 
he  flame  travels,  of  crowding  upon  each  other  the  alternate 
id  bright  spaces  of  the  fluted  surface, 
description  just  given  has  reference  to  the  apparatus  con- 
i  by  Koenig  under  the  name  of  the  Appareil  djuzmmes  chan- 
le  M.U  Comte  Schaffgotsch,  But  I  have  not  been  able  to 
Schafi^otsch's  account  of  his  apparatus  and  experiments 
ision  to  this  method  of  exhibiting  to  the  eye  the  individual 
ms  by  the  revolution  of  the  flame  itself  Probably,  it  was 
mdage  to  Schafigotsch's  apparatus  suggested  to  Koenig  by 
•eriment  of  Prof.  W.  B.  Rogers.* 

is  experiment  only  a  single  flame  was  employed ;  a  tube  be- 
ced  over  it  large  enough  to  allow  the  interior  flame  to  re- 
Q  a  small  orbit. 

second  method  for  accomplishing  the  same  object  is  a  device 
»nig,  and  is  known  under  the  name  of  the  Manometric 
u\  An  opening  is  made  in  the  side  of  an  organ  pipe  at  the 
rheie  the  greatest  changes  of  density  occur  when  the  pipe  is 
ig :  to  this  hole  he  applied  a  small  box,  the  end  which  is 

upon  the  bole  being  covered  with  a  delicate  ixiembTiixi<b, 

9r.  Joan.  Sdeocey  zrr^  1868,  f  Ann.  Obem.  mid  PhyB.,  czidd. 


Oas  ia  introduce  into  thifl  box  bj  one  tube  and  ibea  conducted 
from  Ibe  box  to  llie  burner  by  another  mbe.  Tho  vibrating  «r 
in  the  pip«?  [ilavB  upon  the  membraDe,  and  rommimicates  vibnuicm 
to  t]ie  flnuie.  Ybe  itidiridual  vibrations  of  the  flame  are  reveal^ 
to  the  eye,  tiy  rtflecling  it  in  a  revolving  mirror  after  the  manner 
of  Wheat  mo  rie.  Four  minor*  placed  ojion  tbe  four  vertical  sides 
of  n  n-volvitig  cube  jiroiiuce  t  he  same  effect  with  a  smaller  veloritv. 
This  method  has  the  diMd vantage  of  substituting  for  tbe  flame  it- 
s<>If  a  taint  aud  virtual  imaifi',  not  easilv  seta  in  daylight  or  in  ill 
directions.  It  bas  the  advantage  of  aJiuittiu^  of  a  large  orbit  of 
Kvulotion  anil  thun  sepaniting  widely  the  individual  vibrations  of 
even  high  notes. 

I  have  endeavored  to  combine  Uio  advantages  of  both  methods 
without  incurring  their  disadvantages.  Imagine  eight  arms  of  gai 
pipe,  each  one  foot  in  length,  arranged  as  the  spokes  of  a  horixon- 
tnl  wheel  npon  a  hollow  hub,  which  ta  lengthened  out  below  to  the 
extent  of  six  inches.  This  hub  is  closed  at  the  upper  end  by  steel 
and  is  balanced  upon  n  steel  iraint  at  the  top  of  a  hollow  nprigfat 
through  whieh  the  gas  is  delivered.  Two  holes  are  made  m  the 
sides  near  tiie  top.  through  which  the  gus  flows  out  into  the  hollov 
hnh  and  the  attached  arm*.  The  upright  comes  up  through  the 
bottom  of  a  vessel,  into  which  water  is  poured  in  sufficient  qaantitr 
to  immerse  the  bottom  of  the  hub  and  prevent  leakage  of  the  gu 
below.  In  this  way  great  freedom  or  motion  is  secured  on  the 
Btcel  jKiint,  with  a  i)tTlcclly  tight  joint  The  arms  are  rotated  ids 
large  circle  by  clock-work,  and  their  weight  suffices  to  make  them 
serve  as  a  fly-wheel  and  acquire  a  uniform  motion.  The  arms  are 
closed  at  the  euds,  and  the  gas  isitues  in  eight  vertical  streams  from 
as  many  holes  In  the  tops  of  the  aims.  When  these  streams  are 
lighted,  the  rotation  produces  a  large  cylindrical  sheet  of  light 
The  greater  the  number  of  arms  the  smaller  is  tbe  velocity  re- 
quired to  produce  perHistency  of  impression  in  the  eye,  with  the 
additional  beneflt  of  having  a  well-balanced  instrument.  Vibra- 
tion of  the  flames  is  produced  by  attachments  to  the  organ  pipe* 
similar  to  those  used  by  K<enig.  When  the  full  pressure  of  the 
gas  is  on,  the  cylindrical  sheet  of  light  ia  three  or  four  inches  in 
height,  and,  when  the  organ  pipe  speakji,  it  is  broken  up  as  neatlj 
as  when  the  virtual  image  is  used  in  Ktsnig's  apparatus.  Tbe 
eSi-ot  can  lie  seen  readily  in  full  daylight  and  from  every  part  of » 
large  room.  The  best  effect  is  with  organ  pipes  at  least  three  feet 
in  k>iig[h  and  open  at  both  ends.  Of  conrse,  the  serration  is  finer 
when  shorter  pipes  are  used.  The  experiment  is  very  beautiful, 
even  with  short  pipes,  if  the  flame  is  brought  down  to  the  size  of  i 
pen.  In  this  case  the  illuminated  circle,  as  soon  as  the  sonud  be- 
gins, is  bi-okcii  up  into  bright  beads  loosely  stning  upon  a  dark 
(lord.  On  one  side  of  each  flame  a  screen  is  placed,  which  movei 
on  a  hinge  and  can  be  set  at  any  angle  with  the  plane  of  rotatioa 
These  screens  serve  the  double  purpose  of  checking  the  velocity, 
if  the  energy  of  the  clock  movement  is  too  great,  aud  of  prevent- 
ing the  flame  from  flaring  if  the  motion  is  too  rapid,     tor  pui> 
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\  of  research,  Koenig's  apparatus  may  be  all  that  is  desired, 
for  illustration  in  class  rooms,  and  especially  to  large  num- 
the  new  arrangement  just  described  will  be  found  to  possess 
.  advantages. 

n.  Geology  and  Natural  History. 

New  Order  of  Eocene  Mammals, — At  the  last  meeting  of  the 
ecticut  Academy,  Feb.  17th,  Professor  O.  C.  Mabsh  made  a 
aunication  on  a  new  order  of  Eocene  Mammals,  for  which  he 
3sed  the  name  Tillodontia,  These  animals  are  among  the 
remarkable  yet  discovered  in  American  strata,  and  seem  to 
>ine  characters  of  several  distinct  groups,  viz:  Carnivores, 
ilates,  and  Rodents.  In  TiUotherium  Marsh,  the  type  of  the 
*,  the  skull  has  the  same  general  form  as  in  the  Bears,  but  in 
ructure  resembles  that  of  ungulates.  The  molar  teeth  are  of 
ngulate  type,  the  canines  are  small,  and  in  each  jaw  there  is 
r  of  large  scalpriform  incisors  faced  with  enamel,  and  grow- 
rom  persistent  pulps,  as  in  Rodents.     The  adult  dentition  is 

llows : — Incisors  — ;  canines  —  ;    premolars  — ;    molars  - . 

articulation  of  the  lower  jaw  with  the  skull  corresponds  to 
in  Ungulates.  The  posterior  nares  open  behind  the  last  upper 
re.  The  brain  was  small,  and  somewhat  convoluted.  The 
ton  most  resembles  that  of  Carnivores,  especially  the  Ursidce^ 
he  scaphoid  and  lunar  bones  are  not  united,  and  there  is  a 
trochanter  on  the  femur.  The  radius  and  ulna,  and  the  tibia 
ibnla  are  distinct.  The  feet  are  plantigrade,  and  each  had  five 
3,  all  terminated  with  long,  compressed  and  pointed,  ungual 
inges,  somewhat  similar  to  those  in  the  Bears.  The  other 
ra  of  this  order  are  less  known,  but  all  apparently  had  the 
general  characters.  There  are  two  distinct  ^families,  IHllo- 
ice*  in  which  the  large  incisors  grew  from  persistent  pulps, 
{  the  molars  have  roots;  and  the  Stylinodontidoi^  in  which  all 
eeth  are  rootless.  Some  of  the  animals  of  this  group  were 
•ge  as  a  Tapir.  With  Hyrax  or  the  Toocodonlia  the  present 
*  appears  to  have  no  near  affinities. 

On  the  alleged  parallelism  of  Coal  beds  ;  by  J.  J.  Stevkn- 
(Proc.  Amer.  FhiL  Soc,  xiv,  288.) — Mr.  Stevenson  in  this 
r  gives  examples,  from  this  country  and  England,  of  the  sub- 
ion  of  coal  beds,  and  of  variations  in  the  thickness  of  the 
vening  rock  strata.  ^Fhe  interval  between  the  Upper  Free- 
and  Kittaning  coal  beds  along  Yellow  Creek  in  Ohio  varies 
80  to  160  feet  in  five  miles.  The  same  interval  on  Wells 
k  varies  in  one  mile  from  8  feet  to  28,  and  from  this  it  en- 
8  beyond  [distance  not  stated]  to  110  feet.  In  six  sections 
I  by  Prof.  Rogers  in  his  Pennsylvania  Report  the  intervals 
84,  143,  142,  117,  109,  103.  The  total  interval  between  the 
burgh  coal  bed  and  the  Upper  Freeport  varies  in  Ohio  from 

'  This  family  maj  possibly  prove  to  be  identical  with  jdncA^ppodonMcfo. 
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420  feet  at  the  west  to  606  at  Steubenville ;  in  PennsylvaDia  it  is 
200  feet  at  Ligonier,  220  at  Elk  Lick,  and  460  to  nearly  600  feet 
on  the  Monongahela  River;  in  West  Virginia,  along  the  Mononga- 
Lela  and  Tygart's  Valley  River,  it  varies  not  much  from  420  feet 
Mr.  Stevenson,  alter  stating  many  other  facts,  observes,  in  con- 
clusion, that  the  variation  in  thickness  arises  mainly  from  the  fact 
that  the  beds  were  deposited  in  a  great  trough  havmg  the  Cincin- 
nati uplift  on  one  side  and  the  Alleghany  region  on  the  other;  that 
the  diminution  in  thickness  is  quite  regular  east  and  west  from  the 
middle  of  the  trough ;  that  the  subsidence  as  a  whole  was  rega- 
lar,  approaching  uniformity,  but  that  there  were  "bulgings  or 
other  irregularities  such  as  could  not  fail  to  accompany  any  opera- 
tions so  extensive."  He  further  concludes  that  "  all  the  coals  of 
the  Upper  Coal  group  are  offshoots  from  one  continuous  marsh, 
which  existed  from  the  beginning  of  the  era  to  its  close,  and 
which  in  its  full  extent  is  now  known  as  the  Pittsburg  coal  seam." 

3.  Diatoms  of  the  Carhoniferov>8, — Count  F.  Castracane  of 
Rome  has  found,  in  an  examination  of  the  ashes  of  mineral  coal 
from  Liverpool,  a  large  number  of  species  of  Diatoms.  The.  most 
of  them  are  freshwater;  but  with  these  occur  a  number  of  marine 
kinds. — Am,  Mag.  Nat.  Hist,  for  February^  from  the  Actes  de  P 
Acad.  ForUif,  Feb.,  1874. 

4.  A  new  Mastodon. — Professor  Cope  has  announced  his  ob- 
taining Elephas  primigenifis  var.  Columbi  from  Quartemary  beds 
at  the  base  of  the  Zandia  Mountains,  and  the  Mastodon  Ohioticus 
from  corresponding  beds  near  Taos,  and  from  the  valley  of  the 
South  Platte  in  Northwestern  Colorado.  The  Pliocene  of  Santa 
Fe  affords  the  remains  of  a  Mastodon,  referred  1)y  Leidy  to  his  J/. 
obscums,  of  which  Cope  makes  a  new  species,  JI.  productus. 

5.  The  (reolofjy  of  Kew  irampshlre.  A  lieport  coynprishig 
the  results  of  Explorotions  ordered  by  the  Legislature.  C.  11. 
HiTCUcocK,  State  Geologist ;  J.  H.  Huxtington,  Principal  Assist- 
ant. Part  /,  Physical  Geography.  668  pp.  roy.  8vo,  with 
many  illustrations.  Concord,  1874. — This  First  Part  of  the  Re- 
port on  the  (ieology  of  New  Hampshire  commences  with  a  his- 
tory of  the  Geological  Surveys  in  New  Hampshire  by  Prof, 
liitchcock.  The  chaplers  on  this  subject  are  followed  by  a  his- 
tory of  explorations  among  the  White  Mountains  by  W.  L  pliam ; 
a  chapter  on  the  climatology  of  New  Hampshire  by  J.  H.  Hunl-- 
ington ;  another  excellent  one  on  the  use  of  the  magnetic  needle 
in  surveying  by  E.  T.  Quimby,  illustrated  by  maps ;  others  on 
the  topography  of  the  State  by  C.  H.  Hitchcock,  including  a  long 
catalogue  of  altitudes  from  railroad  and  other  surveys ;  another 
on  the  river-systems  by  W.  Upham  ;  on  the  distribution  of  Insects 
in  N.  Hampshire,  with  a  map,  by  S.  H.  Scudder  (noticed  on  page 
232);  on  the  distribution  of  Plants  by  W.  F.  Flint;  on  the  Natu- 
ral History  of  the  Diatomacete  by  A.  Mead  Edwards,  with  a  plate; 
and  chapters  on  the  Scenery  of  the  State  by  C.  H.  Hitchcock  and 
J.  H.  Huntington.  The  illustrations  are  numerous  and  a  number 
of  them  are  photographic. 
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survey  has  broaght  much  to  light  that  is  new  respecting 
ology  of  New  Hampshire.  The  occurrence  in  metamorphic 
ilngland  of  Upper  Silurian  fossils  within  a  few  miles  of  the 

Mountains,  which  it  has  made  known,  is  a  fact  of  the  high- 
ological  importance ;  and  that  of  the  labradorite  and  chryso- 
►cks  in  the  White  Mountain  region  is  another.  These  dis- 
es  are  enough  of  themselves  to  prove  the  survey  a  success 
as  geological  science  is  concerned ;  for  they  are  destined  to 
^reat  aid  toward  unravelling  the  knotty  points  in  New  Eng- 
•ei)logy. 

fessor  Hitchcock  has  reserved  the  details  respecting  these 
le  other  geological  results  for  another  volume,  and  has  given 
one  issued— on  the  Physical  Geography  of  the  State — only 
neral  conclusion  with  regard  to  the  ages  of  the  crystalline 
the  facts  being  brought  out  in  a  chapter  on  ''  the  physical 
J  of  New  Hampshire."     This  subject,  moreover,  is  illus- 

by  a  series  of  six  colored  maps  representing  the  supposed 
iphy — or  areas  of  dry  land  and  water — of  the  region  of  New 
shire  and  Eastern  Vermont  during  these  several  ages,  four  of 

are  made  pre- Silurian^  one  Cambrian  or  Ptimordial^  and 
dderberg.  We  only  remark  that  the  author  does  not  seem 
e  sufficiently  appreciated  the  fact  that  in  a  region  which  is 
lorphic  throughout,  the  immense  amount  of  denudation  that 
ken  place  in  past  time  throws  great  doubt  over  all  attempts 
rk  out  over  it  outlines  of  the  dry  land  of  successive  pre- 
in  ages  by  the  present  superficial  distribution  and  positions 

different  kinds  of  rocks. 

le  other  opinions  in  Professor  Hitchcock's  part  of  the  vol- 
ppear  to  us  to  need  revision. 

^r  speaking  of  the  '^  extremely  abundant  Laurentian  vegeta- 
[p.  608),  he  observes,  with  regard  to  the  origin  of  beds  of 
►yrites  and  copper  pyrites  in  his  "  Huronian  rocks,"  that 
the  formation  of  sulphurets  we  require  originally  a  sulphate 

just  as  in  the  case  of  gold,"  and  then  speaks  of  the  deoxi- 

agency  of  vegetation,  reducing  the  sulphates  to  sulphurets ; 
5  does  not  explain  how  "  an  extremely  abundant  vegetation" 
have  existed  in  "  a  sulphate  ocean." 

Hitchcock  recognizes  the  existence  of  a  long  Azoic  era,  as 
iS  £k>zoic  era,  in  pre-Silurian  time,  and  then  objects  to  the 
Archaean  for  the  pre-Silurian,  on  the  ground  that  the  terms 

and  Eozoie  are  sufficient  alone.  In  this  we  should  agree 
lim  if  the  rocks  of  the  Eozoie  part  of  the  pre-Silurian  time 
in  all  cases  be  distinguished  from  those  of  the  Azoic. 

existence  of  great  beds  of  iron  ore  in  pre-Silurian  terranes 
arded  as  evidence  (in  this  following  Prof.  T.  Sterry  Hunt) 

existence  during  the  era  of  abundant  vegetation— on  the 

d  that,  in  making  marsh-beds  of  iron  ore,  the  oxide  of  iron, 

carried  in  by  the  waters,  is  in  the  state  of  iron-salts  of  or- 

acids.     Bat  the  era  was  a  very  long  one :  Helmholtz  made 

ae  which  elapsed  during  the  cooling  from  2,000°  C.  to  200^  C. 
OUR.  8ci.~Tbird  SBRnu,  \^L.  IX,  No.  51  — Mabob,  1875. 
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350,000,000  of  years ;  and  many  more  millions  shoold  be  added 
for  the  continuation  of  the  cooling  down  to  100°  C  ;  kU  of  wliich 
□ecesHarily  antedated  the  first  appearance  of  the  simpleftt  forms  of 
life;  and  more  still  to  reduce  the  temperature  to  3S  C,  (lOO'F.), 
which  limit  was  probably  reached  before  the  close  of  the  Archa-an. 
And  in  that  long  era,  even  to  its  close,  the  atmosphere  certainly 
contained  a  greatly  larger  proportion  of  carbonic  acid  than  i^ow, 
if  not  also  other  acids;  and  also,  for  this  reason,  it  bad  macb 
greater  denetty.  Henco  carbonic  acid,  which  does  now  some  of 
the  work  of  iron 'transportation,  may  have  done  far  more  then.  It 
is  surely  very  unsafe  to  conclude  from  the  existence  of  those  iron 
ore  beda  that  the  vegetation  was  extremely  abundant,  or  that  any 
then  existed, 

Xeither  does  the  phosphate  of  lime  (apatite),  which  is  so  gene- 
rally disseminated  through  the  iron  ores,  aSbrd  good  evidence  of 
life.  The  amount  of  this  mineral  in  Arcfa^an  rocks  exceeds  that 
in  all  the  later  rocka  of  the  globe,  and  would  certainly  indicate 
the  existence  of  an  extraordinary  amount  of  life  over  the  Archwan 
marshes  and  lands  if  of  any  at  all.  Some  of  the  earliest  shells  of 
the  Silurian  (Unffulce  and  a  few  related  kindsj  consist  largely  of 
phosphate  of  lime,  as  shown  by  Hunt,  and  this  appears  to  prove, 
as  this  author  han  observed,  that  the  waters  of  the  ocean  then 
held  in  solution  more  phosphates  than  they  now  do.  And  the 
grains  or  cirstaLs  of  phosphate  of  lime  in  the  iron  ore  may  be 
proof  only  ol  the  same  fact  with  regard  to  the  ocean's  waters. 
The  chemistry  of  the  globe  during  any  part,  even  the  last,  of  the 
hundreds  of  millions  uf  years  before  thi.-  openin"  Silurian  ia  loo 
doubtful  for  positive  speculation  as  to  what  chemistry  did  not  do 
and  life  did. 

On  the  question  of  the  animal  nature  of  the  Eozoon  Prof.  Hitch- 
cock writes  judiciously,  excepting  in  a  single  remark.  Re  ob- 
serves that  "  those  who  disbelieve  the  organic  theory  are  mostly 
better  skilled  in  mineralogy  than  biology."  But  Messrs.  King 
and  liowney,  the  chief  contestants,  are  not  mineralogists,  but 
zoologists,  and  Mr.  Carter  of  England,  another  strong  opponent 
of  the  "  organic  theory,"  ia  also  a  zoologist,  and  one  particularly 
versed  in  the  lower  orders  of  animal  fife.  There  are  probably 
mineralogists  that  doubt,  as  there  certainly  are  zoologists,  but  we 
can  recall  no  articles  by  any  such  on  tfae  subject,  excepting  one  or 
two  which  aim  to  show  that  the  limestones  containing  Eosoon  are 
sometimes  of  igneous  origin,  an  observation  which,  whether  sos- 
tained  or  not,  cannot  be  attributed  to  mineralogical  prejudices. 

Notwithstanding  some  exceptions  to  the  volume,  we  regard  it 
as  a  repository  of  much  valuable  information  on  the  physical 
geography  and  productions  of  the  State. 

6.  First  Annual  Report  of  the  Geological  and  Affricvltwal 
Survey  of  Texas  ;  by  S.  B.  Buckley,  State  Geologist.  1 42  pp. 
Bvo.  Houston,  Texas,  1 874. — This  Report  is  occupied  mainly  with 
observations  of  economical  interest  relating  to  soil, rocks,  ores,  trees. 
There  are  brief  notices  of  the  Tertiary,  Crctaceone  and  older 
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rocks.  But  these  show  much  ignorance  of  the  subject.  In  a 
paragraph  headed  in  capitals  Devonian,  we  find  the  author  say- 
ing that  ^^in  1860,  when  engaged  with  Dr.  Shumard  in  the  sur- 
vey of  San  Saba  County,  some  of  the  limestones  and  shales  in 
the  eastern  part  of  that  county  were  referred  by  him  to  the  De- 
vonian. The  Trenton  limestone  was  the  foimation  recognized: 
its  chief  fossils  found  were  of  the  following  genera :  Belerophon^ 
Madurea^  Orthis^  Murchisonia^  Pleurotomaria^  and  some  other 
genera  of  that  period."  A  'State  geologist"  who  refers  the 
Trenton  limestone  to  the  Devonian  is  evidently  not  a  geologist, 
whatever  his  State  appointment.  Such  a  mistake  Dr.  Shumard 
could  not  have  made. 

Another  specimen  of  the  Report  may  do  its  author  better  jus- 
tice. In  the  chapter,  a  little  over  a  page  long,  on  the  Jurassic 
of  the  State,  three  lines  are  used  in  stating  that  half  a  mile  west 
and  northwest  of  Phantom  Hill,  Callahan  Co.,  there  are  ''  what 
may  be  fossils  of  the  Jurassic  period ;"  and  three  more  in  saying, 
*^  Intending  to  make  a  more  careful  study  of  them,  I  placed  them 
in  a  box  and  shipped  them  to  Austin,  since  which  I  have  not  seen 
them."  The  rest  of  the  p&ge  on  the  Jurassic  is  occupied  with  an 
account  of  the  scenery,  bufialoes,  etc.,  of  Callahan  County,  in  the 
oonrse  of  which  he  says :  ''  Old  bufialoes,  especially  the  old  bulls, 
delight  to  roll  and  wallow  in  the  soft  dirt.  I  have  seen  them  roll 
and  kick  up  their  heels,  over  and  over,  and  then  get  up  and  shake 
themselves  apparently  with  great  satisfaction.  It  will  not  be 
manv  years  before  Northwest  Texas  will  be  resorted  to  by  crowds 
of  Northern  invalids  for  the  purpose  of  breathing  its  pure  air,  to 
behold  its  charming  landscapes,  and  hunt  and  fish;  hunt  the  buf- 
£alo,  the  antelope,  the  deer,  wild  turkeys,  etc.,  and  catch  thou- 
sands of  fish,  ^uch  pastimes  will  kindle  the  spark  of  life  anew, 
and  give  new  life  to  tne  body."    This  much  for  the  Jurassic. 

The  Report  contains  charges  against  the  late  Dr.  Shumard  and 
his  assistant,  Mr.  A.  R.  Roessler,  which  should  have  been  stricken 
oat  by  the  Governor  of  Texas,  to  whom  the  Report  is  addressed, 
before  the  manuscript  was  sent  to  the  printers.  Dr.  Shumard 
was  an  excellent  geologist,  and  we  believe  an  honorable  man. 

7.  Second  Geological  Survey  of  Pennsylvania,  Report  of 
Ptogress  for  1874;  by  Peier  Lkslky,  Director  of  the  Survey. — 
The  appointments  for  this  new  survey  were  not  made  until  the 
month  of  June  had  far  advanced,  and  consequently  the  parties 
were  not  in  the  field  until  July  and  August.  The  assistants  ap- 
pointed are:  Mr.  A.  S.  JVIcCreath,  chemical  assistant;  Prof.  F. 
Prime,  Jr.,  assistant  in  charge  of  the  Lehigh  district:  Prof.  P. 
Fraser,  Jr.,  in  charge  of  the  York  and  Adams  district;  J.  H. 
Dewees,  in  charge  of  the  Juniata  district ;  F.  Piatt,  in  charge  of 
the  Clearfield  and  Jefferson  coal  district ;  J.  F.  Carll,  in  charge  of 
the  Yenanffo  oil  district ;  Dr.  F.  A.  Genth,  chemist  and  mineralo- 
gist ;  HL  J£  Wrigley,  on  the  petroleum  region  of  Western  Penn- 
lylvaniA ;  £.  B.  Harden,  draughtsman.  Two  more  assistants  are 
to  be  appointed,  one  for  Greene  and  Washington  Counties,  and 
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the  other  for  the  northern  tier  of  counties,  Tioga,  Branford,  Susque- 
hanna and  Wayne.  Besides  these  there  are  a  number  of  volunteers. 
Although  the  parties  were  late  in  the  iield,  valuable  results  have 
been  obtained,  wnich  will  soon  be  published  in  the  Report  for  the 
year.  Dr.  Genth's  Mineralogical  Report  is  nearly  printed ;  il 
will  extend  to  about  150  pages.  The  geological  reports  of  Profes- 
sor Frazer,  Professor  Prime,  Mr.  Piatt  and  Mr.  Dewees,  illustrated 
by  several  maps  and  sections,  are  finished  and  are  either  in  the 
printer's  hand  or  will  soon  be.  Besides  these,  the  volume  for 
1874  will  include  a  special  report  on  petroleum  by  Mr.  H.  R 
Wrigley,  which  will  contain  a  large  map  of  the  oil  regions  of 
West  Pennsylvania  and  West  Virginia,  a  small  map  of  the  oil 
regions  of  the  Middle  States  and  Canada,  sections  ana  other  illus- 
trations. Mr.  Lesley's  extensive  knowledge  of  geology,  theoretical 
and  practical,  and  of  the  range  of  subjects  that  will  come  under 
investigation  in  the  survey,  together  with  his  thoroughness  and 
energy,  ensures  for  the  State  of  Pennsylvania,  and  for  the  science 
of  the  land,  results  of  the  highest  value. 

8.  Geographical  Explorations  and  tStirveys  west  of  the  lOOM 
Meridian;  First  Lieut.  G.  M.  Whkkler,  Corps  of  Engineers, 
U.  S.  A.,  in  charge. 

(1.)  Preliminary  Report  upon  Invertebrate  Fossils  collected  in 
1871-1873,  with  descriptions  of  new  species;  bv  C.  A.  White, 
M.D. — The  species  included  are  from  the  Primordial  of  the  Canou 
of  the  Colorado,  Mohave  Co.,  Arizona,  the  vicinity  of  Antelope 
Spring,  House  Range,  Utah,  and  Pioche  in  Nevada;  from  the 
Quebec  group  of  Utah  and  Nevada  ;  the  Trenton  beds  in  Nevada, 
New  Mexico  and  Arizona;  the  Snbcarboniferous  of  Arizona,  Ne- 
vada and  I'tali ;  the  Carboniferous  of  Arizona,  New  Mexico  and 
Nevada;  the  .liirassie  period  of  Utah  and  Arizona  ;  the  Creta- 
ceous of  New  Mexico,  Arizona  and  Utah. 

(2.)  Repnrt  upon  Ornithological  Spenmens  collected  in  1871- 
1873.  148  pp.  Svo.  1874. — Contains  a  Report  on  the  birds  col- 
lected in  187J,  bv  Dr.  H.  C.  Yarrow  and  H.  W.  Ilenshaw  ;  on 
those  of  1873,  by  II.  W.  Ilenshaw  ;  annotated  list  of  the  birds  of 
Utah,  by  11.  \V.  Ilenshaw.     Tlie  papers  are  full  of  valuable  notes. 

9.  A(>^>'  '*/i  the  Xatunil  History  of  portions  of  Jlontana  and 
Dakatit^  beini;  the  substance  of  a  Report  to  the  Secretary  of  War, 
on  tlie  collections  made  by  the  North  Pacitic  Railroad  Expedition 
of  1873,  Gen.  O.  S.  Stanley,  Commander;  by  J.  A.  Allen,  Natur- 
alist o{  the  Expedition.  62  pp.  8vo.  1874.  (From  the  Proc. 
lv>st.  Soc.  Nat.  llist,,  vol.  xvii,  June,  1874.) — Consists  of  notes  on 
the  Mammals,  Hirvls,  Reptiles,  Amphibians,  Plants  and  Butterflies 
collected  by  the  Stanley  Ex]>edition. 

10.  fwe<ilogical  itnd  Geogntphical  Surrey  of  the  Territories;  Dr. 
F.  V.  IIaypkn,  Geologist  in  charge.     Department  of  the  Interior. 

(1.)  S:  re  nth  Annual  Bejiort^  for  1873.  718  pp.  8vo.  Washington, 
1874. — This  re|H>rt  is  noticed  from  an  incomplete  copy,  extending 
to  page  o33,  in  the  DeoemWr  numl>er  of  this  Journal.  A  complete 
lK>und  copy  reached  us  on  the    11th  of  February.     The  closing 
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part  includes  Reports  on  Insects  by  W.  L.  Carpenter,  C.  R.  Osten 
Sacken,  H.  A.  Hagen;  on  Crustacea  by  S.  L  Smith  and  A.  S. 
Packard ;  on  the  methods  of  Topograpnical  Survey  by  James  T. 
Gardner ;  Topographical  Report  on  the  Middle  Park  Division  by 
S.  B.  Ladd,  and  on  the  Gold  Hill  Mining  Region,  by  A.  R.  Mar- 
vine.     A  further  notice  is  reserved  to  another  number. 

(2.)  BuUetin,  tSecond  Series^  No.  1.  48  pp.  8vo.  1876. — Con- 
tains memoirs  on  the  Fishes  of  the  Tertiary  shale  of  the  South 
Park,  by  K  D.  Cope ;  On  the  Cranial  and  Dental  Characters  of 
MephitinsB,  with  description  of  M.  frontata^  a  new  species  from  the 
bone-caves  of  Pennsylvania ;  Ancient  ruins  in  Southwestern  Col- 
orado, by  W.  H.  Jackson,  with  four  plates ;  on  fossils  from  near 
the  eastern  base  of  the  Rocky  Mountains,  west  of  Greeley  and 
Evans,  Colorado,  and  others  from  about  200  miles  farther  east, 
with  descriptions  of  a  few  new  species,  by  F.  B.  Meek. 

(3.)  ContrUnUions  to  the  FouU  Vlora  of  the  Western  Territories. 
Part  1,  T7ie  Cretaceous  Flora;  by  Leo  Lbsqueubux.  136  pp. 
8vo,  with  30  lithographic  plates.  Vol.  vL  of  the  Reports. — Mr.  Les- 
quereux  has  here  brought  out  the  results  of  his  long  and  careful 
study  of  the  Cretaceous  flora  of  the  Rocky  Mountain  region. 
The  plants  described  are  from  the  Dakota  group,  the  lowest  of 
the  Cretaceous  beds  in  that  region.  The  facts  show  that  the 
leaves  lie  near  where  they  were  dropped.  The  localities  are  be- 
tween the  parallels  of  39°  and  47*;  and  the  leaves  indicate  a 
general  uniformity  of  climate  over  these  parallels,  with  perhaps  a 
slightly  wanner  temperature  in  Kansas,  where  alone  occur  the 
genera  >CVeJn0r»a,  Pterospermites  and  Domheyopsie ;  where  the 
species  of  Liriodendron,  and  of  some  other  genera  have  large 
leaves,  while  those  of  the  Nebraska  species  are  small  The  cli- 
mate indicated,  according  to  Lesquereux,  is  like  that  now  existing 
between  the  parallels  of  30°  and  45°,  as  is  inferred  from  the  oc- 
currence of  the  genera  Sulix,  FaguSy  Plat^nus,  Sassafras,  Aralia, 
JlagnoHOy  Liriodendron,  Menispermum,  Rhus  and  others. 

He  observes  also  that  Heer  finds  evidence  of  the  same  climate 
in  Ch'eenland  during  the  Upper  Cretaceous,  28  species  of  the 
genera  Popvlus^  Myrica,  FKcus,  Sassafras,  Proteoides,  Credneria, 
Andromeda^  Diospyros,  Panax,  Magnolia,  Rhus,  and  others  hav- 
ing been  identified  by  him  from  beds  in  latitude  70°  ;  while  from 
the  Lower  Cretaceoos  he  has  made  out  a  very  diflcront  range  of 
ipecies,  including  9  Cycads,  3  Equisetacem,  17  Conifers,  1  Lyco- 
pod,  5  Monocotyledons  and  I  Dicotyledon,  with  38  Fucoids. 

Besides  the  genera  above  enumerated,  Lesquereux  has  the  fol- 
lowing, exclusive  of  Cryptogams,  in  his  catalogue  of  the  groups 
represented.     It  includes,  besides  his  own,  Newberry's  results. 

Plercphylhimy  of  the  order  of  ZamisB  ? ;  Sequoia,  Arancaria, 
AUetUeSj  Olyptosirobiis,  Phyllodadus,  Geinitzia  of  Conifers; 
Arundo ;  IHoscorea  ;  FlabeUaria  among  Palms ;  Liquidambar, 
Popuhu^  Populites^  Myrica,  Betula,  Betnlites,  Alnus,  Quereus, 
CAUj  Reus,  N'yssay  Lanrus,  Laurophyllum,  Persea,  Cinnamo- 
mum^  Oreodaphne^  ProUoides,  Emhothriutu,  Aristolochites,  An- 


drowsda,  Dio»pyro«,  Sapotacite»,  Bumdia,  Hedcra,  Cistitrt, 
Protophyllum,  Acerites,  A^ej/t'i'doiite^,  Greisiupsis,  AtiMophjfUvm. 
CelastrophyUwn,  Rhamnut,  Jufflaus,  Pynu,  Prunus.  The  whole 
number  of  species  enmneratcd  ie  13U:  of  theso,  eight  are  of  tlie 
gcDut*  Qiiercits,  five,  of  PojnUus,  six  of  Plu/aniu,  six  of  Sa*»a- 
frat,  five  of  Magnolia,  tbree  of  Liriodei'drou,  and  eight  of 
ProtophyUum.  Some  of  the  leaves  are  referred  witfa  doubt  to 
existing  genera,  oa  they  embrace  characters  of  two  or  more.  The 
leaves  are  moetty  entire,  coarsely  veined  and  eoriaceoaa.  No 
beds  in  the  Rocky  Mountain  region  older  than  Cretaceoos  contain 
any  related  species,  or  a  single  Aneiosperm.  The  author  remartu 
that  the  facts  "seem  to  prove  a  oolTatcral  develo)iment  of  different 
primitive  types,  and  therefore,  the  iippearano«  at  certain  epochs  of 
tliose  originat  forms  which,  at  each  geological  period,  have 
changed  the  character  of  tho  vegetable  world,  and  which  have 
not  any  connection  with  antecedent  types." 

(4.)  List*  of  Eleontioni principally  in  thatportioii  of  the  Uhiteil 
Slateg  teegl  of  t/ie  MiMitgippi  liiver.  Collected  and  arraneed  by 
H.  Gannett,  M.E.  72  pp.  8vo.  Washington,  1875, — This  pam- 
phlet is  the  third  edition  of  the  List  of  EJevatious  isimed  by  the 
Department  of  the  Interior  in  connection  with  the  pablicationii  of 
the  V.  S,  Survey  of  the  Territoriea.  The  Catalogue  has  been 
mnch  enlarged  by  additions  from  railway  levelUngs  and  other 
sources,  and  also  by  including  the  elevations  of  many  points  east 
of  the  Mississippi  River.  It  is  therefore  a  very  important  contri- 
bution to  the  department  of  North  American  topography. 

(5.)  Meteoriilogieal  Observations  made  in  1«73  and  1874  in 
Colorado  and  Montana,  prepared  by  G.  B,  Chittenden.  5Spj». 
8yo.     1875. 

11.  Carte  hi/drologique  du  Department  de  Seine-et-Marm  ;  by 
M.  Delrssb,  Ingenieur-en-Chef  des  Mines. — This  chart  represents 
in  colors  and  by  lines  of  equal  height  above  the  level  of  the  sea, 
the  distribution  of  the  superficial  and  subterranean  sheets  or 
streams  of  water  over  the  Department  of  Seine-et-Mame,  in 
France,  and  the  altitude  of  the  surface.  The  facts  have  been  ol^ 
tained  partly  by  collecting  all  that  is  known  of  the  wells  of  the 
region.  The  geological  stratum  upon  which  the  water  rests  or 
flows  over  the  different  parts  of  the  department,  and  the  depths  or 
curves  of  its  surface,  are  indicated.  Many  interentiitg  conclusions 
are  arrived  at,  some  of  them  of  geological  interest,  and  all  of  them 
of  great  value  to  the  Department.  The  survey  and  the  charts 
make  an  exeeUent  model  for  the  world.  The  eharts  are  in  the 
very  best  style  of  the  chromo-litliographic  art. 

12.  Note  on  the  genus  Calamodon  ;  by  E.  D.  Copk,  (Communi- 
cated.)— I  observe  in  your  last  number  that  you  state,  on  the 
authority  of  Professor  lilamh,  that  this  genus  is  identical  with  the 
Stylinodon  of  Marsh,  already  described  in  your  May  Dumber  of 
the  current  year.  If  Professor  Marsfi's  diagnosis  be  accurate,  the 
genera  are  distinct,  as  the  description  cited  ascribes  six  molars  to 
Stj/linodon,  while  five  only  exist  in  Calantodoii.    This  I  stated  in 


Geology  and  Natural  History.  229 

description  on  p.  6  of  my  report  on  the  Vertebrata  of  the 
cene  of  Xew  Mexico. 

,  3.  Shepherd*s  Pipe  of  the  Reindeer  era, — An  iustroment  made 
the  bones  of  birds  placed  together  as  in  the  shepherd's  pipe, 
ich  it  is  supposed  was  used  as  a  musical  instrument,  is  an- 
inced  by  M.  Piette  as  having  been  found  in  a  deposit  of  the 
indeer  era  (Stone  Age). — Lea  MondeSy  Jan.  28. 
14.  Ijead  vein  in  Netcburyport^  Mass. — The  vein  of  lead  ore 
ently  discovered  intersecting  the  gneiss  of  Newburyport  has, 
wording  to  Professor  R.  IT.  Richards,  a  lead-bearing  band 
iinst  its  north  wall,  which  averages  a  foot  in  width  but  widens 
one  shaft  22  feet  deep  to  six  feet.  With  the  galena  there  is  a 
le  chalcopvrite  and  tetrahedrite.  The  rest  of  the  vein  is  a 
ity  crystalline  rock  free  from  mica,  whose  precise  nature  is  not 
V  determined.  The  lead-bearing  band  is  from  one-third  to  one- 
f  galena.  A  ton  (2240  lbs.)  of  the  crude  ingot  lead  obtained 
m  the  ore  yielded  74  ounces  of  silver  and  341  grains  of  gold. — 
ifc,  Boston  Sac.  Nat.  Hist.^  xvii,  200. 

16.  Record  of  Geological  Literature. — An  Annual  of  this  title  is 
be  commenced  the  coming  summer  by  W.  Whitaker  of  the 
olo^ical  Survey  Office  (Jermyn  st,  London,  S.W.).  The  vol- 
e  will  contain  short  abstracts  or  notices  of  Papers,  Books, 
ips,  etc.,  published  during  the  year  1874,  in  the  departments  of 
ology,  Paleontology  and  Mineralogy.  It  will  include  200  to 
)  pages  and  be  sold  for  1  Os.  6d.  Such  an  Annual  Record  is 
»atly  needed.  Subscriptions  are  solicited. 
16.  Composition  of  the  native  alloy  of  Gold  and  Silver  in  the 
mstock  Lode^  Nevada. — Mr.  Melville  Attwood,  of  San  Fran- 
co, in  a  communication  to  the  Microscopical  Society  in  April, 
■4,  describes  the  pale  yellow  alloy  from  the  Comstock  lode  as 
un-ing  in  similar  form  and  composition  throughout  the  whole 
gth  of  the  lode  and  from  the  croppings  down  to  the  bottom  of 

deepest  workings.  It  is  found  occasionally  in  coarse  pieces, 
.  in  general  is  finely  disseminated  and  intimately  mixed  with 

silver  ore.  It  exhibits  imperfect  octahedral  crystals  and  is 
nd  also  in  aborescent  filiform  masses.  Hardness  3 ;  specific 
,vity  12'6;  after  melting,  13*6  to  13'7.  Color  white,  with  a 
;htly  yellowish  tinge  when  freshly  broken,  but  becomes  more 
low  on  exposure  for  some  time.  Analysis  yielded  Mr.  Attwood 
37  per  cent  of  gold,  42*87  of  silver  and  1*74  percent  of  sub- 
nces  undetermined.  w\  p.  b. 

7.  Mineralogical  Note;  by  Albert  R.  Leeds,  Prof,  of  Chem- 
y,  Stevens  Institute.  A  magnesia-iron  Tremolite^  not  asbesti- 
my  from  the  soapstone  quarry  above  Manayvnky  Pa.  (Contri- 
ed  by  the  author.) — This  mineral  is  the  anthophyllitey  so  called, 
en  in  the  list  of  American  localities  on  page  780  of  Dana's 
leralogy,  5th  edition.  It  occurs  in  a  dark-colored  serpentine 
k,  in  bladed  masses  sometimes  exceeding  1  mm.  in  thickness 
I  1  cm.  in  breadth  in  their  largest  part,  and  then  thinning  into 
t  fibers  which  lose  themselves  in  the  rock.    These  blades,  with 


their  varioUB  alterations  in  size  ami  direction,  are  freqnentW 
many  centimeters  long.  They  are  fibrous,  of  vitrt?ous  luster,  trans- 
lucent and  of  slight  yellow,  greeuifih  or  reddish  tints,  derived  from 
the  serpentine  and  oxide  of  iron  aci-oinpiinyiug  them.  H,=25. 
Fusibility = 5 -o. 
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Thia  variety  of  tremolite  [bronzite?],  it  will  be  seen  from  the 
anslyaifi,  is  distinguished  by  its  1ar<re  percentage  of  ferrous  oxide 
and  magnesia ;  and  the  cause  of  thia  interesting  peculiarity  is  to 
1)6  sought  for  in  the  chemical  history  of  the  maguetite-benring 
serpentine  in  whieli  the  tremolite  is  iin'lie<lded, 

18.  Action  of  light  oh  the  development  of  Ihe  ymng  of  Fnigt. 
— M.  Thury  took  the  egg«  of  Rawx  temporttria  and  placed  them 
all  ander  precisely  the  same  tavorabte  circumstances,  except 
that  while  part  recoivod  light  throuirh  cnlork'ss  class,  another 
part  rwi^ivi-il  it  t)in>„Lrii  .^rt-vn  L'lass.  Tlu^  foniier  ,iev,-lo]r,.,i 
rapidly,  and  by  the  end  of  May  had  a  length  of  four  centimeters, 
and  well  developed  hind  legs  in  most  of  them;  while  the  bitter 
were  slowly  developed,  blackish  in  color,  hardly  had  a  length  of 
two  centimeters  bv  the  end  of  May,  and  were  witliout  a  trace  of  the 
hind  legs.  By  the  10th  of  June,  the  former  had  their  fore  legs 
and  some  were  changed  to  frogs ;  the  latter,  still  black,  had  do 
trace  of  legs,  and  breathed  almost  exclusively  by  means  of  their 
«lls.  By  the  15th  of  July  all  the  former  had  become  frogs ;  but 
uiose  of  the  latter  still  had  no  legs,  and  by  the  2d  of  August  they 
were  all  dead  without  a  trace  of  legs  having  appealed.  Some  of 
the  young  of  the  latter  lot  transferri'd  to  the  vessel  of  the  former 
on  tne  15th  of  July  finished  their  metamorphosis.  At  the  same 
time  some  of  the  former  transferred  to  the  vessel  containing  the 
tatter  continued  to  develop,  showing  the  influence  of  the  first 
impulse  in  their  development. — L'InstUut,  Dec.  23,  1874. 

19.  Dimorphic  Development  and  Alternation  of  Generation  in 
the  Cladocera. — Dr.  G.  O.  Sars  has  discovered  a  remarkable  di- 
morphism and  alternation  of  generation  in  Leptodora  hyali"fi. 
(Om  en  dimorph  UdvikUng  samt  Generation svexel  hos  Leptodoia, 
Forhandlinger  Vidensk.^elsk.,  Christiania,  for  1873,  p.  15,  and 
plate.)  The  development  from  the  ordinary  summer-eggs,  as  al- 
ready described  byE.  P.  Mailer,  is  without  met.imorphosis  and 
like  that  of  ordinary  Cladocera,  the  young  when  excluded  from 
the  egg  agreeing  essentially  with  the  adult ;  while,  according  to 
Sara'  ^servations,  the  young  are  excluded  from  the  winter-eggs 
in  a  Teiy  imperfect  condition,  tyute  anlike  the  known  young  of 
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any  other  Cladocera,  and  pass  through  a  marked  post-embryonal 
metamorphosis.  In  the  earliest  observed  stage  of  the  yoang  of 
this  form,  the  body  is  obovate,  wholly  without  segmentation,  the 
compound  eye  wanting,  while  there  is  a  simple  eye  between  the 
bases  of  the  antennulsB,  the  swimming  arms  (antenns)  well  devel- 
oped, and  the  six  pairs  of  legs  represented  only  by  minute  pro- 
cesses projecting  scarcely  beyond  the  sides  of  the  body;  but  the 
most  remarkable  feature  is  the  presence  of  a  pair  of  appendages 
tipped  with  cilia  and  nearly  as  long  as  the  body,  which  are  evi- 
dently homologous  with  the  mandibular  palpi  of  other  Crusta- 
ceans, although  these  appendages  have  always  been  supposed  to 
be  wanting  in  the  species  of  Cladocera.  Two  subsequent  stages, 
CTadually  approaching  the  adult  form,  are  described.  The  adults 
from  the  winter^ggs  nave  no  vestige  of  the  mandibular  palpi  left, 
yet  the  simple  eye — which  is  wholly  absent  in  ordinary  individuals 
developed  from  summer-eggs — is  persistent,  and  thus  marks  a  dis- 
tinct generation.  Three  stages  of  the  young  from  winter-eggs 
are  beautifully  figured  upon  the  plate  accompanying  the  memoir. 
This  remarkable  species  has,  still  more  recently,  been  made  the 
subject  of  a  very  elaborate  memoir  by  Prof.  Weismann  of  Frei- 
burg (Uber  Bau  und  Lebenserscheinungen  von  Leptodora  hyalina^ 
Zeitschrift  fttr  wissensch.  Zool.,  xxiv,  Sept.,  1874,  pp.  349-418, 
plates  33-38),  who,  however,  had  not  observed  the  peculiar  devel- 
opment of  the  winter-eggs.  The  occurrence  of  this  genus  in  Lake 
Superior  is  noticed  in  thw  Journal,  vol.  vii,  p.  161,  1874. 

8.  I.  8. 

20.  Development  of  the  Miropean  Lobster. — Dr.  Sars  has  also 
recently  published,  m  the  Proceedings  of  the  same  Society  for 
1874,  a  paper  of  27  pages,  illustrated  by  two  autographic  plates, 
on  the  post-embryonal  development  of  the  European  lobster 
{Hotnarus  vulgaris  Edwards).  He  describes  and  figures  in  detail 
the  three  larval  stages  corresponding  precisely  with  the  first  three 
stages  which  I  have  described  in  the  American  lobster.*  Dr. 
Sars  did  not  receive  my  papers  until  after  a  part  of  his  memoir 
was  printed,  so  that  his  investigations  were  wholly  independent. 
In  a  short  appendix  Dr.  Sars  calls  attention  to  the  remarkable 
agreement  in  tne  results  at  which  we  had  each  arrived,  and  to  the 
excellent  opportunity  afforded  for  a  careful  comparison  of  the 
early  stages  of  these  two  closely  allied  species.  Although  the 
corresponding  stages  agree  so  closely  in  form  and  structure,  they 
are  from  the  first  readily  distinguishable  by  well  marked  specific 
differences  in  the  form  and  armature  of  the  appendages.  In  fact, 
the  differences  appear  greater  in  the  larval  stages  than  in  the 
adults.  Dr.  Sars  was  not  able  to  trace  the  deveK>pment  beyond 
the  third  stage,  which  he  had  at  first  supposed  could  not  be  the 
last  stage  of  the  larva,  but  after  comparison  with  the  later  stage 
of  the  American  lobster  he  regards  it  as  quite  probably  the  last 
true  larval  stage.  8.  i.  s. 

*Thi8  Joamal,  voL  iii,  pp.  401-406,  plate  ix,  Jane,  1872,  and  Transacttona 
Oomieotioat  Academy,  voL  u,  pp.  351-381,  plates  xiv-xvui,  A\iguBt,  1^1^. 


21.  Cumwca  from  the  Wttt  Indies  nud  tht  South  Atlantic  ;  by 
G.  O,  Sarm,  30  pp.  ito,  with  fl  plates.  (From  the  Svcnska  Veten- 
nknpa-AkademifriB  Haodlingar,  Bandet  \\;  Stockholm,  18T-1)— 
This  memoir,  in  the  same  form  as  the  one  on  the  CuDiact-a  of  the 
Jneepbino  Expedition  previoDslj  noticed,  contmoe  minute  deacrip- 
tionB  and  elaborate  figures  of  seven  species  from  the  West  Imliea 
itnd  from  off  the  mouth  of  the  La  Plata.  Among  them  there  ia  a 
remarkable  new  penus,  St^Aatiamma,  in  which  there  is  n  large 
central  eye  upon  the  frotit  suriounded  by  a  circle  of  smaller  eves. 

s.  1.  s, 
■?2.  Di»trH»itlon  of  InsecU  in  New  Hampshire  ;  bv  Samcel  II. 
Scrpnt.B.  50  pp.  large  8vo,  with  2  maps  and  a  plate,  (i'rora 
vol.  i  of  the  Final  lieport  upon  the  Oeology  of  New  Ilampsbiiv; 
Concord,  ISH.)— Mr.  Scudder  first  discuesea  the  boundary  between 
the  AUeghanian  and  Canadian  faunn  in  the  State  and  then  the 
siwoial  relations  of  the  alpine  and  sub-alpine  districts  of  the  Wbil« 
Mountains,  He  makes  the  Cauadiun  fauna  extend  to  just  south  of 
the  White  Mountains,  while  the  AUeghanian  fauna  proper  occupies 
onlr  the  extreme  southern  border,  the  broad  iiitormediate  space 
— aDont  half  the  an-a  of  the  Stale — being  regarded  as  the  "com- 
mon meeting  ground"  of  the  two  faunee.  Theee  dirisioua  and  the 
alpine  and  anb-alpine  diatriuta  upon  the  mountains  are  indicated 
by  colored  areas  on  the  two  maps.  This  introductory  portion  is 
followed  by  lists  of  the  I5utt.erflie8  ;in.l  Orthoptera  of  the  State. 
with  many  valuable  notes  on  the  distribution  of  the  species,  and 
a  full  account  of  two  White  Mountain  butterflies,  (Eruis  aemidea 
and  Brenthit  Mvntiima.  s.  i.  s. 

■23.  On  the  C'Mou  W«rm  of  the  Southern  States,  Aktia  argtt- 
lacea  Hdbner,  a  moth  of  the  fitmily  Xoctuides;  by  A,  R.  Grotk. 
(Proc.  Am.  Assoc.,  1671.) — After  a  discussion  of  the  synonymy  of 
the  cotton  w<)rm  family,  Mr.  Grote  discusses  as  follows  the  ques- 
tion of  the  origin  of  the  moth  : 

"  The  conclusion  to  which  I  have  come  with  regard  to  the  cot- 
ton worm  is,  thai  it  dies  out  even/  year  (icith  ilt  food  plant),  that 
it  occurs  in  the  cotton  belt  of  the  Southern  St'lte^,  and  that  its  next 
aj^araiice  is  the  residt  of  immigration.  Testimony  is  at  hand 
to  show  that  tor  many  years  after  the  cultivation  oi  the  cottra 
plant  was  introduced  into  the  Southern  States,  the  cotton  worm 
never  appuared.  The  date  at  which  it  first  appeared  in  central 
Alabama  has  been  differently  stated  to  me,  but  it  evidently  but 
little  preceded  the  late  war.  That  the  moth  is  capable  of  sustain- 
ing long  and  extended  flight  is  readily  proven.  Professor  Pack- 
ard observed  the  moth  off  the  coast  of  tne  Kastcm  States,  as  also 
Mr.  Iturgess,  I  have  observed  the  moth  in  October  in  Buffalo, 
N.  Y,  as  also  Dr.  Har\-ey.  According  to  Mr,  Riley,  the  moth 
has  been  observed  in  Chicago,  I  presume  in  the  falL  It  seemi 
that  the  moth  follows  the  coast-line  northward,  as  also  the  water 
courses  that  empty  into  the  Gulf  of  Mexico.  It  is  noteworthy 
here  that  the  watershed  of  the  Ohio  and  Mississippi  extends  lo 
within  fifty  miles  of  Buffalo.  As  an  example  of  the  prolonged 
^igbt  of  moths,  I  will  btftte  that  I  have  observed  in  the  Gulf 
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Stream,  off  the  Carolinas  and  out  of  sight  of  land,  in  the  month  of 
August,  large  numbers  of  a  moth,  the  AgrotU  annexa  of  Treit- 
schSe. 

Again,  I  have  been  struck  by  the  absence  of  parasitic  checks  to 
the  cotton  worm  in  the  south.  I  could  never  discover  any, 
although  such  may  exist.  Spreading,  as  I  believe  it  to  do,  as  a 
moth,  the  absence  of  peculiar  parasites  to  the  worm  may  be  rea- 
sonably accounted  for.  I  have  already  and  elsewhere  pointed  out, 
that  in  order  to  make  the  first  brood  of  the  cotton  worm  the  prog- 
eny of  the  so-called  "  hibernating  "  individuals  (as  Professor  Kiley 
would  suppose),  a  period  of  several  months  has  to  be  accounted 
for,  since  these  ^^  hioemating  "  moths  could  not  wait  till  midsum- 
mer to  deposit  their  eggs ;  and  while  the  cotton  is  young,  and 
even  before  it  is  up,  insect  life  is  active,  and  the  weather  is  warm 
and  other  vegetation  fully  out  in  the  region  of  the  South  where  I 
have  lived.  There  is  also  no  reason  to  believe  that  the  cotton 
worm  ever  breeds  in  the  North,  and  this  notwithstanding  Profes- 
sor Riley's  suggestions  to  the  contrary,  in  the  Sixth  Report  before 
mentioned.  The  worm  never  has  been  noticed  on  any  other  plant 
than  the  cotton,  and  in  the  South  perishes  by  thousands  rather 
than  eat  any  other.  The  habit  of  wandering  in  masses  when  food 
fails  is  a  proof  of  this,  as  while  the  worm  is  supplied  with  cotton 
leaf  it  never  quits  the  plant,  transforming  to  the  chrysalis  on  the 
stalk  which  has  furnished  it  nutriment.  The  wandering  habit  is 
not  normal  but  accidental,  and  the  worm  is  not  ^'  gregarious"  like 
the  *'  tent  caterpillar."  Its  "  hibernation"  with  us  must  also  be 
regarded  as  accidental,  or  at  least  as  barren  of  results.  For  when 
spring  comes  the  Aletia  argiUacea  has  vanished,  and  is  not  to  be 
found  with  the  hibernating  species  of  Lepidoptera,  renewedly 
active.  And  if  it  were  found  m  February  and  March,  it  would 
find  no  cotton  plants  upon  which  to  deposit  its  eggs.  If  oviposi- 
tion  ever  takes  place  in  these  months  in  the  cotton  belt,  the  young 
cotton,  free  from  worms,  disproves  its  effic«ncy. 

It  is  possible  that  in  the  southern  portions  of  Texas,  or  the 
Floridian  peninsula,  the  Aletia  may  sustain  itself  during  the  entire 
year ;  I  have  no  means  of  information  on  this  j)oint.  My  obser- 
vations are  made  on  its  occurrence  over  the  central  and  principal 
portions  of  the  cotton  belt,  and  into  which  I  believe  it  to  be 
imported  de  novo  every  season  that  it  occurs  and  from  more 
southern  regions. 

I  conclude,  therefore,  that  while  the  cotton  plant  is  not  indige- 
nous to  the  Southern  States  (where  it  becomes  an  annual),  the  cot- 
ton-worm moth  may  be  considered  not  a  denizen,  but  a  visitant, 
brought  bv  various  causes  to  breed  in  a  strange  region,  and  that 
it  naturally  dies  out  with  us  in  the  cotton  belt,  unable  to  suit 
itself  as  yet  to  the  altered  economy  of  its  food  plant  and  to  con- 
tend with  the  changes  of  the  seasons. 

When  this  fact  is  comprehended,  it  will  simplify  the  process  of 
artificial  extermination  by  limiting  the  period  during  which  we  can 
successfully  attack  the  cotton  worm,  and  by  doing  away  with  a 
cerUun  claM  of  proposed  lemedieB. 


From  tbe  foregoing  it  trill  be  evident  ihat,  1,  The  artificial  agent 
employed  to  destroy  the  cotton  worm  must  be  emploj'ed  against 
the  firal  brood  au  it  apjieare  in  any  given  locality  during  the  pro- 
gresaion  of  the  moth  northward  ;  and,  3,  that,  in  order  to  W  efiecl- 
nal,  a  concerted  action  in  the  application  of  tbe  remedial  agent  in 
any  given  locality  will  be  fonod  neeeseary. 

1  also  recommend  the  introdnction  of  the  EogUsh  sparrow  into 
the  Southern  States,  and  additional  legal  protection  to  insectiv- 
orous birda.  Since  the  war  there  has  been  too  much  ignorant  use 
of  the  gun  on  the  part  of  the  negroes.  Alt  the  birda  aboald  be 
protected  as  much  as  possible,  for  many  specieei  not  usually  con- 
fiidcred  insectivorous  are  yet  found,  during  certain  aeasuns  of  the 
year,  to  live  on  insects," 

ni.      ASTEONOMT. 

I.  lyie  TVamU  of  Ventu,  Dee.  8,  1874.— The  following  addi- 
tional information  respecting  tbe  late  transit  has  beeu  received 
aince  the  publication  of  the  last  No.  of  the  JournaL  The  stations 
are  arranged  in  the  order  of  latitude; 

In  the  Iforthem  hemitf^here. 
1.    Vladiiioibac.     Lat.  ii'  V.  Ions.  8tL  i7m.  E.     Prol  Aaapb  HaU,  oT  the  U.  S 
Xaml   Obiwrvivtorji.  h«il  ciiirge  ot  tlie  Amoricnn  Btuion  U  V>HlirDBlolt. 

secood  ooDtBct  wan  noted  with  aocuracj,  and  soma  photognpha  were  taken 
thac  were  tolerably  Bntisfactorj.  Tbe  duration  of  the  tnuiaii  wse  4h.  45nL, 
during  which  period  the  haze  dispersed  three  times,  allowing  the  pholo- 
graphera  to  get  some  eicelleot  picCnres.  The  time  of  third  coolact  ni 
pretty  aocurately  noted,  but  at  tbe  moment  of  fourth  <»ntact  Venus  mt 
entirely  invisible.  Thirteen  photographs  were  taken  and  the  exact  time  of 
each  was  noted.  Some  of  these  are  well  daOned,  but  otbera  are  faint  and 
of  uncertain  value. 

a.  Pdem,  lat  as"!!!',  long. 'lh.46nLE.  At  tbe  French  atation  the  four  oontacB 
wereobaerred  as  follows:  flrst  2Ih.  32m.  438. ;  second  22h.;  third  Ih.  SOm. 
16a. ;  fourth  2h.  ITm.  13b.    Also  airty  good  photographs  were  taken. 

S.  Yolai}uima.  Lat  3S°  HG',  long.  9h.  19m.  E.  Kusuon  BtMiOD.  Two  oontacCs 
were  obaerved,  and  niity  pictures  taken.  The  Uexican  party  at  Yokohama 
obserred  all  tbe  ooutacts  and  took  a  large  number  of  pictures. 

4.  Beyrtmt.     IM.  33°  49',  long.  2h.  21m.  E.     Observations  BucceeefuL 

B.  Nagataki.  Lat.  32°  4B',  long.  Bb.  39m.  E  The  American  obeerratioiis  at  thia 
station  were  under  tbe  direction  of  Oeorge  Davidson  of  the  U.  S.  Coast 
Survey.  The  flrsl  contact  could  not  be  satisfactorily  observed  on  acoomit 
of  clouds.  Tbe  second  contact  waa  well  observed.  The  Mparation  of  (be 
limbs  was  then  observed,  until  Venus  had  advanced  one  diameter,  aad  then 
measures  of  the  diameter  of  the  planet  were  made.  The  thliil  contact 
could  not  be  satisfactorily  observed  on  account  of  clouds,  and  at  the  time 
of  fourth  contact  the  sun  was  enUreiy  obscured  by  clouds.  The  meHdiao 
transit  of  tbe  sun's  flrst  limb  was  observed  over  nine  threads,  the  first  limb 
of  Venus  over  eight  tbreods,  the  second  limb  of  Venus  over  eight  threads, 
and  the  second  limb  of  the  sun  over  six  threads.  The  difTerence  of  declin- 
ation of  tbe  upper  limb  of  tbe  sun  and  both  limbs  of  Venus  was  meaauied 
by  eighteen  micrometer  readings.  The  flrst  and  second  contacts  occunad 
about  Im.  46b.  later  than  tbe  American  Almanac  computations,  and  about 
3m.  30s.  later  than  the  KngUsh  computations.  The  tidrd  contact  occuned 
Dtar  tbe  time  of  tbe  Axoerican  computations. 
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6.  CalcvUa.    Lat  22**  35^,  long.  6h.  64m.  E.    Observations  excellent. 

7.  Maddapore.    Lat  12'' 48^  (?X  long.  5h.  6m.  E.    Italian  station.    The  four  con- 

tacts were  all  observed. 

8.  Colombo.    Lat  7"  0^,  long.  5h.  20m.  K    All  the  contacts  observed  except  the 

first 

In  the  Southern  hemisphere, 

1.  Rodrigues,    Lat  19°  4^,  long.  4h.  14m.  E.    Ingress  and  egress  were  well  ob- 

served, and  58  photographs  taken. 

2.  MauHiiu8,    Lat  20°  20^  long.  3h.  61m.  E.    Station  of  Lord  Lindsay.     All  the 

contacts  were  observed,  except  the  first,  and  110  good  photog^phs  were 
taken. 

3.  Beunum.    Lat  20°  61^  long.  3h.  42m.  E.    Dutch  station.     Third  contact  ^ob- 

served  and  a  few  photographs  taken. 

4.  New  Caledonia.      Lat.   21",  long.  llh.  E.     French  station.     Second  contact 

observed  and  100  good  photographs  taken. 

5.  Cape  Tbwn.    Lat  33°  65^,  long  Ik  13m.  £.    Fourteen  photog^phs  taken. 

6.  Queenstowfk,  Otago.     Lat  46°  50^,  long.  llh.  20m.  E.     American  station.    The 

observations  at  this  station  were  under  the  direction  of  Prof.  C.  H.  F. 
Peters  of  Hamilton  College.  The  skj  was  overcast  until  two  minutes 
before  the  first  contact,  when  the  sun  shone  out  and  continued  bright  for 
nearly  two  hours.  The  distance  of  Venus  from  the  sun's  limb  was  repeat- 
edly measured,  as  also  the  apparent  diameter  of  Venus.  During  the  latter 
part  of  the  transit,  floating  douds  interfered,  but  239  photographs  were  taken. 

2.  Observations  on  the  Transit  of  Venus  at  Nagasaki ;  by 
Professor  Davidson.  (Extract  from  a  letter  by  Mrs.  Davidson,* 
dated  Nagasaki,  Dec.  10th,  1874.) —  .  .  The  preceding  night  was 
clear  and  beautifal  until  daybreak,  when  clouas  began  rapidly  to 
form,  breaking  away  again  about  8^^  and  again  clouding  over  by 
9^**.  *  *  I  was  to  record  for  my  husband,  who  seemed  calm  and  in 
good  spirits  notwithstanding  the  doubtful  weather.  We  were  all 
at  our  posts  of  duty  by  ten  o'clock,  and  as  the  time  drew  near  you 
can  imagine  our  suspense.  In  my  husband's  observatory  (that  of 
the  large  equatorial),  just  before  the  computing  time,  the  sun 
seemed  to  be  breaking  through  the  clouds,  and  all  was  in  readi- 
ness. George,  our  eldest  boy,  holding  the  chronometers  up  to  his 
father's  eye  and  ear,  and  I  (seated  where  I  could  see  my  husband's 
face),  with  book  and  pencil  in  hand,  with  closed  doors  and  perfect 
stillness,  save  the  regular  beats  of  the  clock  and  chronometer.  It 
was  almost  a  solemn  moment.  The  sun  broke  forth  with  one 
gleam.  I  was  almost  startled  to  my  feet  with  the  shout  of  "  com- 
mence  "  given  by  my  husband,  as  a  warning  to  the  photographers 
that  the  instant  was  about  to  arrive.  In  a  few  seconds  he  gave 
an  exclamation  of  delight,  and  the  first  contact  was  accomplished 
and  duly  recorded.  Observations  were  kept  up  until  the  next 
critical  moment,  of  the  second  contact — the  sun  growing  less 
bright  but  still  bright  enough  for  observations.  The  second  con- 
tact was  seen  and,  further  observations  made  as  the  body  was  pass- 
ing over  the  sun.  Clouds  grew  thicker,  leaving  scarcely  a  hope 
for  the  third  contact  and  also  for  the  fourth,  which  were  not  visible, 
and  then  the  whole  thing  was  over.  *  *  *  The  exact  spot  on  the 
tun's  limb  where  the  contact  should  appear  was  only  known  by 

•  We  are  indebted  for  this  letter  to  Mr.  Daniel  B.  Smith  of  QeimftiiWqm^  ?%. 
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computation  from  previous  ilata ;  and  under  so  large  a  inagnifyiiig 
power,  which  took  iu  about  Sj  diametera  of  Venus,  an  error  of 
one  miuntB  of  an  arc  would  have  been  fatal.  Mr.  Davidson  haii 
gone  over  his  cnloulations  neveral  times,  and  that  same  morning 
bad  revised  them  again  to  s;iti£ify  himself,  then  nointed  his  inslru- 
ments,  and  snre  unough  iLere  came  Venus  rijint  in  the  center  of 
bis  pointing,  :i^  minutes  la:cr  tban  tbe  English  computed  time, 
and  I  i  earlier  than  the  American  time. 

IT.    Miscellaneous  Scientific  Ihtelligekce. 

1.  Canadian  Scieiit^fic  Retearch  in  1874. — Mr.  James  Richard- 
son (of  the  Geological  Survey)  spent  the  months  of  May,  June 
and  July  in  a  topographical  and  geological  examination  of  the  iu- 
lets  on  the  co^st  of  British  Columbia,  between  the  62d  and  5oth 
degrees  of  north  latitude,  *  •  • 

Mr.  George  M.  Dawson,  geologist  and  botanist  to  the  Boun- 
dary Commission,  has  been  engaged  in  continuing  the  exaniiua- 
tion  of  the  region  in  the  vicinity  of  the  49th  parallel.  Tbe  wort 
of  this  season  extended  from  Woody  Mountain,  which  is  about 
400  miles  west  of  the  Red  River,  to  the  watershed  of  thu  conii- 
nent  in  tbe  Rocky  Mountains.  The  part  of  the  journey  from  Ked 
River  to  Woody  Mountain  lay  over  ground  already  explored  in 
187:1,  anti  but  little  of  geologicnl  interest  was  met  with.  Woodv 
Mountain^  so-called,  is  situated  on  tbe  northern  edge  of  tie 
plateau  of  tbe  Lignite  Tertiary,  and  from  the  existence  of  groves 
of  poplars  in  tbe  valleys,  has  been  chosen  by  the  balf-breeas  as  a 
base  for  their  hunting  and  trading  expeditions.  South  of  Woody 
Mountain,  on  the  boundary  line,  excellent  sections  illustrating  the 
junction  of  the  Cretaceous  and  Lignite  Tertiary  were  found,  b 
which  the  base  of  the  latter  formation  was  well  defined.  Denuda- 
tion acting  on  the  little  consolidated  clays  of  the  Tertiary,  has 
converted  a  portion  of  the  region  where  it  occurs  into  Bud  Landt, 
which,  though  perhaps  not  so  rugged  as  those  of  Southern  Dakota, 
are  characterized  by  barren  clay  hills  and  gorges  with  scart«ly  a 
trace  of  verdure,  and  are  sufBcieutly  forbiddmg.  Westward  from 
W^oody  Mountain  the  Cretaceous  rocks  cover  the  greatest  area, 
but  those  of  the  base  of  the  Tertiary  frequently  appear  resting  on 
them,  and  almost  always  produce  a  more  or  less  well  marked 
plateau,  the  general  aspect  of  the  country  being  comparable  to 
that  of  a  cameo,  the  depressed  parts  of  which  are  based  on  the 
dark  Cretaceous  clays.  The  Cretaceous  rocks  in  some  places 
yielded  numerous  well-preserved  fossils  enclosed  in  ferruginous  or 
calcareous  nodules,  the  play  of  color  due  to  the  original  pearly 
matter  of  tbe  slicll  being  in  many  cases  still  apparent.  Tbe  hon- 
zon  indicated  by  most  of  these  is  that  of  the  Fort  Pierre  Group  or 
Cretaceous  No.  4  of  Meek  and  Hayden.     .     .     . 

The  field  work  of  tbe  Boundary  Commission  is  now  over,  the 
line  having  been  run  and  properly  marked  from  the  Lake  of  the    j 
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Woods  to  the  Watershed  of  the  Mountains,  where  it  joins  that  pre- 
viously surveyed  from  the  Pacific  coast.  The  maps  and  detailed 
reports  in  the  various  departments  are  in  course  of  preparation. 

Professor  Bell  has  been  again  engaged  during  the  past  summer 
in  the  Northwest  Territories.     The  region  more  particularly  ex- 

Elored  was  the  high  grounds  extending  along  the  western  sides  of 
takes  Manitoba  ana  Winnipegosis  and  comprising  the  Riding, 
Duck  and  Porcupine  Mountains.  The  valleys  of  the  Swan  River 
and  of  the  Upper  Assinniboine  were  carefully  examined,  as  were 
also  those  of  some  of  their  tributaries.  Mr.  Bell  and  his  assist- 
ants likewise  visited  portions  of  the  shore  of  all  the  lakes  of  the 
Winnipeg  basin. — j.  p.  w.     Montreal  Gazette^  Jan.  16. 

2.  British  Arctic  Expedition. — ^The  scientific  part  of  the  forth- 
coming Polar  Expedition  will  not  fail  throiigh  want  of  advice  and 
instruction,  for  while  the  Geographical  Society  are  preparing 
their  promised  Manual  of  Geography  and  Physical  Geography, 
the  Royal  Society  are  getting  ready  a  Manual  of  Physical  and 
Natural  Sciences.  Thus  the  explorers  may  prepare  themselves  for 
observations  on  magnetism,  on  meteorology,  on  the  tides,  which  in 
the  Arctic  zone  are  peculiar,  on  geology  and  botany,  on  natural 
history,  particularly  that  part  of  it  which  includes  the  minor  forms 
of  marine  life ;  and  last,  though  not  least,  ethnology  is  to  be 
attended  to,  as  opportunity  may  offer.  This  is  a  good  scheme ; 
almost  too  good,  for  opportunities  can  hardly  be  other  than  rare, 
especially  in  the  ethnic  system,  in  the  frozen  and  desolate  regions 
around  the  Pole.  The  Admiralty  have  relaxed  their  original  inten- 
tion to  appoint  none  but  naval  men  as  scientific  observers,  and  the 
Council  of  the  Royal  Society  have  recommended  for  appointment 
as  naturalists  to  the  Expedition,  Capt.  Feilden,  R.  A.  (at  present  in 
Malta)  and  Mr.  Chichester  Hart,  of  Dublin.  Hence  we  may  con- 
clude that  in  the  persons  of  these  two  gentlemen  botany  and  zool- 
ogy are  provided  for.  Meanwhile  the  naval  preparations  are 
actively  carried  on ;  the  two  vessels  selected  for  the  Expedition, 
the  Alert  and  the  Bloodhound,  are  being  strengthened  with  all 
possible  dispatch,  and  the  victualling  department  is  busy  in 
cooking  and  concentrating  provisions  of  the  best  kind  into  the 
smallest  possible  space. — Athenceumy  Jan,  30. 

3.  Introduction  to  the  Resources  of  Tennessee;  by  J.  B. 
EiLLEBBBW,  A.M.,  assisted  by  J.  M.  Safford,  Ph.D.,  M.'D.,  and 
others,  being  the  First  and  Second  Reports  of  the  State  Bureau 
of  Agriculture;  with  five  maps,  one  geologically  colored.  1193 
pp.  12mo.  Nashville,  1874. — The  State  of  Tennessee  has  an  un- 
xuraally  wide  range  of  climates,  elevations,  geological  formations 
and  vegetable  productions.  The  Report  now  before  us  is  there- 
fore of  more  than  usual  interest,  and  gives  the  distinctive  charac- 
ters of  a  much  larger  area  than  its  title  would  imply.  On  the 
east  its  border  mountains  have  the  same  characters  as  adjoining 
portions  of  North  Carolina,  Virginia  and  Georgia ;  its  great  val- 
ley graduates  upward  into  Virginia  and  downward  into  Georgia ; 
the  coal  and  iron-ore  resources  of  the  slopes  of  the  C\mib^T\^\A 
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Moaiitains  and  the  mild  equable  climate  of  the  snmmit  plateau  an 
continiiouB  with  tliose  of  West  Virginia,  Keatacky  and  Alabama ; 
its  centrul  basin  has  the  same  rich  "  blue-o^mss"  soil  as  ibat  of  Ken- 
tucky ;  and  its  western  border  includes  a  large  area  of  the  Mlssii- 
sippi  botloms.  The  work  opens  with  a  brief  description  of  the 
Topogniuhical  Features  and  Natural  Divisions,  Climate  and  Geo- 
logical r'ormations,  followed  by  chapters  upon  Farm-Geology, 
Soils,  Timber,  Farm  I'roducts,  Grasses,  Live  Stock,  Dairy  Prod- 
ucts, Grapes,  Honey,  Coal,  Iron,  Copper,  Transportation,  Schools, 
etc.,  and  these  by  others  giving  the  details  of  cacli  county  sepa- 
rately. The  volume  makes  a  grand  exhibit  of  the  resources  of 
the  State,  and  will  probably  many  times  repay  the  cost  of  its 
publicUioQ,  through  the  population  and  capital  which  it  will  be 
the  means  of  attracting  thither. 

To  make  this  Report  quite  complete  it  should  be  supplemented 
by  full  details  an  to  the  geological  structure  of  each  county,  such 
as  would  be  obtained  in  a  careful  geological  survey.  It  is  much 
to  be  desired  that  the  survey,  begun  and  so  well  carried  forward 
by  Professor  Safibrd  for  several  years  before  the  war,  should  be 
revived  on  a  larger  scale  and  finished, 

4.  Tlie  Mioroacopii  attd  iU  ReeeUitiona;  by  Wm.  B.  Carpes- 
TKE,  Fifth  edition,  with  35  plates  and  449  wood-cuts,  Philadelphia, 
1875.  (Lindsay  &,  Klakiston.) — This  is  an  enlarged  and  revised 
edition  of  Ur,  Carpenter's  well  known  work  on  the  microscope. 
CouMderable  a.ldition:*  haw  beeu  made  to  the  i-h^ipt^.Ts  rt-laiing 
to  microscopes  and  the  accessory  apparatus.  But  more  numerouB 
and  perhaps  more  important  additions  have  been  made  to  the 
portions  relating  to  the  structure  of  the  lower  forms  of  animals 
and  plants,  especially  the  Foramitiifera,  Bathybius,  Coceoliths, 
Bacteria.  Diatoms,  etc.,  inchiding  many  of  the  recent  discoveries 
made  in  connection  with  the  deep-sea  dredgings.  v. 

5.  Mt.  Katakdi'i. — Through  a  very  careful  barometrical  deter- 
mination in  August,  1874,  Prof.  N.  C.  Fernald  has  ascertained  the 
height  of  Mount  Katahdin  above  mean  tide  at  Bangor,  Maine,  to 
be  5,215-5  feet,  with  the  probable  error  not  exceeding  4-2  feet. 

OBmjAHY. 

D'Omalids  d'Halloy. — This  eminent  Belgian  geologist,  ao 
active  member  of  the  Geological  Society  of  France,  died  at  Brus- 
sels, on  the  15th  of  January,  aged  nearly  ninety-two  years. 

Sir  Chari.rs  Ltell. — Sir  Cliarles  Lyell  died  on  the  22nd  of 
February,  aged  seventy-eight  years. 

Annual  Report  upon  the  Survey  of  the  Northern  and  Northeuteni  States,  io 
diirge  of  0.  B.  GomHtock,  Major  of  Engineers,  BvL  Brig.  Qeneral,  U.  S.  A., 
being  Appendix  CC  to  the  AdduaI  Report  of  the  Chief  of  Engineers  for  191*- 
16  pp.  8to.     WnahingtoQ,  1874.  , 

Report  of  ProgreBB  of  the  Geological  Surrey  of  Canada,  lor  I6T3-14,  Alfred     | 
C.  Selwyn,  P.R.S.     HO  pp.  Svo.     Montreal,  1S14. 
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In  tbe  present  species  the  skull  is  of  moderate  length.  The 
hom-cores  are  oval  in  outline,  and  placed  directly  opposite 
each  other  on  the  free  portion  of  the  nasals,  a  short  distance 
back  from  the  extremity.  They  are  directed  upward  and  out- 
ward, and  their  surface  is  rugose.  The  orbit  is  small,  and 
there  is  a  prominent  postorbital  process  on  the  frontal.  Tbe 
premaxillaries  are  slender,  and  each  supports  a  single  incisor, 
with  a  compressed  crowa.  The  molar  teeth  are  large,  and 
without  cement  The  posterior  nares  terminate  in  front  of  the 
penultimate  upper  molar.  There  is  a  large  rounded  tubercle 
on  the  supraoccipital,  just  above  the  foramen  magnum.  The 
bones  of  the  limbs  preserved  indicate  that  there  were  four 
digits  in  the  manus,  and  three  in  the  pes. 

MeasurementB, 

Distance  from  front  of  first  premolar  to  end  of  occipital 

condyles, 466-  ""' 

Distance  from  front  of  orbit  to  anterior  narial  opening,. .  133* 

Extent  of  upper  molar  Beries, 266* 

Extent  of  upper  premolar  series,     121' 

Antero-postenor  diameter  of  last  upper  molar, 41* 

Transverse  diameter, 60* 

Antero  posterior  diameter  of  penultimate  upper  molar,  . .  49* 

Transverse  diameter, 66* 

Antero-posterior  diameter  of  last  upper  premolar, 36* 

Transverse  diameter, ..-  50* 

Antero-posterior  diameter  of  first  upper  premolar, 26* 

Transverse  diameter, 26* 

Width  of  palate  between  first  upper  premolars, 43' 

Width  between  penultimate  upper  molars, 69* 

.  Length  of  third  metacarpal, 190* 

Width  of  proximal  end, 60* 

Length  of  first  phalanx  of  third  digit  of  manus, 31* 

Transverse  diameter  of  unciform, 60* 

Vertical  diameter, 46* 

Tbe  known  remains  of  the  present  species  indicate  an  animal 
about  two-thirds  the  size  of  the  Indian  Ehinoceros.  They  are 
from  the  Miocene  beds,  near  the  John  Day  Eiver,  in  Eastern 
Oregon. 

Dicerathermm  nanum,  sp.  nov. 

A  second  species  of  the  above  genus  is  indicated  by  the 
greater  part  of  a  skull  and  teeth,  and  some  other  remains. 
These  specimens  pertained  to  an  animal  scarely  more  than  one- 
half  the  bulk  of  tnat  last  described.  The  horn-cores  are  more 
compressed,  and  the  extremity  of  the  nasals  in  front  of  them  is 
pointed.  The  anterior  narial  opening  is  large.  The  premaxil- 
laries are  slender  and  compressed.  They  oo  not  extend  so  far 
forward  as  the  nasals. 
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MeatHTurnaiii. 
Distance  (approximate)  from  front  of  firut  premolar  to 

postorbital  prncesa,    155' 

Distance  from  end  of  premaxJIIary  to  first  u|>per  premolar,  91 

Antero-poBterior  diameter  of  upper  incisor, 25 

Tranaveree  diameter, ., 11 

Antero-posterior  diameter  of  first  lower  premolar, .  _  24 

Transverse  diameter   _ _  U 


The  geological  borizoD  and  locality  are  essentially  the  same 
as  in  the  last  species. 

Diceratkerium  advenum,  sp.  nov. 
A  species  clearly  belonging  to  the  Rhinoceros  family,  and 
poasibly  to  the  same  genua  as  the  preceding,  is  indicated  bj  a 
few  fragmentary  remains,  which  are  of  interest  from  their  geo- 
logical norizon  and  locality.  The  most  perfect  of  these  speci- 
mens is  a  last  upper  molar,  and  the  corresponding  lower  molar. 
The  former  has  a  wide  sigmoid  valley  between  high  and  nsirly 
parallel  transverse  crests.  There  is  a  strong  anterior  and  pos- 
terior basal  ridge,  bat  only  a  faint  trace  on  tne  inner  side  near 
tiie  botloni  of  Ih''  vnlloy.  Thf  enaTiid  of  thf  outer  and  poiite- 
rior  faces  especially  is  marked  by  delicate  vertical  strise.  The 
lower  molar  has  a  high  narrow  crown.  The  enamel  is  rugosely 
striate. 

Meatarementi. 
Greatest  antero-posterior  diameter  of  last  npper  molar, . .      40"  ""■ 

Transverse  diameter  {approximate ), 42- 

Depth  of  transverse  valley, IB- 

Antero-posterior  diameter  of  last  lower  molar, 40' 

Transverse  diameter, 19' 

Height  of  unworn  posterior  creBt, 22' 

The  known  remains  of  this  species  pertained  to  an  animal 
half  the  bulk  of  the  Indian  Rhinoceros.  The  main  interest 
attached  to  them  is  the  fact  that  they  were  found  with  upper 
Eocene  fossils,  in  Utah,  and  are  the  first  indications  of  tiiis 
group  in  that  region.  Possibly  the  strata  containing  these 
fossils  may  in  part  prove  to  be  lower  Miocene 

A  comparison  of  the  Lophiodont  genus  HyracJiyiis  with  tbe 
Miocene  Rhinoceroses,  especially  Hyracodon,  seenas  to  point  to 
the  former  as  the  Lower  Eocene  representative  or  ancestor  of 
the  latter  group.  The  skull  and  teeth  of  Byrachyus  are  so 
similar  to  those  of  Hyracodon  that  only  slight  changes  are  neces- 
sary to  transform  one  into  the  other.  The  skeletons,  too,  are 
much  alike,  but  Hyracodon   has  only  a  rudiment  of  the  fifth 
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metacarpal,  and  hence  the  line  of  descent  for  the  four-toed  forms 
was  probably  a  different  one. 

BrontotheridcB, 

During  a  recent  expedition  to  the  "  Bad  Lands  "  of  Dakota, 
the  writer  secured  a  large  number  of  specimeDS  belonging  to 
the  BroniotheridoFj  most  of  them  in  good  preservation.  From 
the  Miocene  of  Colorado,  explored  hj  the  writer  in  1870,  and 
subsequently,  a  large  amount  of  similar  material  has  been  ob- 
tained, so  that  at  the  present  time  the  Yale  Museum  contains 
portions  of  more  than  100  diflFerent  individuals  of  this  family. 
A  studv  of  these  specimens,  in  connection  with  the  types  orig- 
inally dliscribed,  promises  to  leave  but  few  points  in  aoubt  m 
rqrard  to  the  structure  or  affinities  of  the  group.  The  results 
wul  be  published  at  an  early  day,  but  a  few  are  given  here, 
which  may  clear  up  some  of  the  existing  confusion  about  the 
diflFerent  genera. 

It  may  now  be  regarded  as  established  that  all  the  species  of 
the  Brontotheridce  had  horns,  and  there  is  no  reasonable  doubt 
that  these  were  common  to  both  sexes.  The  osseous  horn-cores 
in  each  species  varied  much  in  size  and  shape  with  diflference  of 
age,  and  probably  of  sex.  The  incisors  are  small,  and  in  old 
specimens  are  frequently  lost. 

There  appear  to  be  four  well  marked  genera  in  this  family 
now  known,  which  may  be  distinguished  as  follows : 

1.  Titanotherium  Leidy  {Menodus  PomeL) 

Dentition  =Incisors--:   canines--;  premolars—;  molars-. 

2  1     ^  4? '  3 

Diastema  behind  upper  canines.     Basal  ridge  on  inner  side  of 

upper  premolars  not  continuous.     Nasals  short     A  postorbital 

process.     Third  trochanter  rudimentary  or  wanting.     Type  T. 

Proutii  Leidy. 

2.  Megacerops  Leidy.     {Megaceraiops  Cope),  {Symborodon  Cope 
in  part) 

Dentition  =Incisors  — ;   canines  — ;  premolars  -- ;  molars  ^. 

Diastema  behind  upper  canine.  Inner  basal  ridge  on  upper 
premolars  not  continuous.  Nasals  more  elongated.  A  postor- 
oital  process.  Third  trochanter  rudimentary  or  wanting.  Type 
Megacerops  coloradensis  Leidy. 

3.  Broniotherium  Marsh.     {Symborodon  Cope,   in  part)    {Mio- 
hasiJeus  Cope.) 

2  1  4  3 

Dentition  =Incisor8--;  canines  --;  premolars  —  ;  molars-. 

No  superior  diastema     Strong  continuous  basal  ndgi^  oii  \WTi^\ 
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aide  of  upper  premolai-s.  No  postorbital  procese.  Third  tro- 
chanter distinct     Type  B.  gigas  Marsh. 

i.   Anisacodon  Marsh,  gen.  nov. 

Dentition  =lDcisor8  — ;  canines  — ;  premolars  — ;  molars-. 

No  superior  diastema.  Strong  inner  basal  ridge  on  upper  pre- 
molars. Last  upper  molar  with  two  inner  cones.  No  postor- 
bital proceaa.     Type  A.  monlanus  Marsh. 

Anisacodon  montanus,  sp.  nov. 

This  species  is  especially  distinguished  by  the  emarginatioE 
of  the  extremity  of  the  nasals;  the  short  premaxillaries;  and 
the  rectangular  form  of  the  last  upper  molar.  The  inner  pos- 
terior cone  of  this  molar  is  smaller  than  the  one  in  front,  and 
quite  distinct  from  the  posterior  basal  ridge. 
Meaewemtnti, 

Extension  of  premazillaries  in  front  of  canines, 

Diitanoe  from  end  of  preniaiillaries  to  narial  apertore,.. 

Width  of  naBftls  above  end  of  premaxilUriea, M' 

Antero-poslerior  diameter  of  laet  upper  premolar, *3- 

Transveree  diameter, 63' 

Antero-posterior  diameter  of  penultimate  upper  molar,..     7" 

Transverse  diameter, 85 

Antero-posterior  diameter  of  last  upper  molar, 84" 

Transverse  diameter, 

The  specimen  here  described  was  found  by  the  writer  in 
November  last,  in  the  Miocene  of  northern  Nebraska. 

Diplacodon  elalus,  gen.  et  sp.  nov. 

The  genua  here  established  presents  characters  in  some  re- 
spects iutermediate  between  Limnohyus  and  BrontoOierium.  It 
agrees  with  the  former  in  its  complete  dentition  (44  teeth),  and 
in  the  general  form  of  the  incisors,  canines,  and  true  molars. 
It  resembles  the  latter  still  more  closely  in  the  premolar  and 
molar  teeth,  and  parts  of  the  skeleton,  especially  in  the  vertebne, 
and  bones  of  the  extremities.  From  the  Eocene  Limnokydia, 
already  described,  this  genus  is  sharply  distinguished  by  the 
last  upper  premolar,  which  has  two  distinct  inner  cones,  thus 
agreeing  essentially  with  the  first  true  molar.  This  chamcter. 
wutch  has  suggested  the  name  of  the  genus,  is  one  step  toward 
the  modern  type  of  Perissodactyl  den  tition.  The  dental  formula 
of  the  genus  is  the  same  as  Limnohyua,  viz: 

Incisors  -— ,  canines  — ,  premolars  — ,  molan  — . 

In  other  respects  the  teeth  most  resemble  those  of  the  Bran- 
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otheridoB.  From  this  fiunily,  Diplaoodan  differs  widely  in  its 
lentitdon,  and  the  absence  of  horns. 

The  cervical  vertebrae  are  short,  and  opisthocceloua  The 
adius  and  ulna,  and  tibia  and  fibula,  are  distinct,  and  the  feet 
;how  well  marked  Perissodactyl  characters.  There  were  four 
ligits  in  front,  and  apparently  three  behind. 

In  the  present  species,  the  incisors  are  all  weD  develo{>ed,  and 

;hose  in  trie  lower  jaw  are  directed  forward.     The  canines  are 

arge,  and  have  long  curved  crowns  with  pointed  extremities. 

The  first  three  upper  premolars  have  the  two  inner  cones  con- 

late.     The  upper  true  molars  are  surprisingly  like  those  of 

Bronioihermm. 

MdOMwremmJb. 

Sxtent  of  upper  molar  series, 242*"^' 

Extent  of  upper  true  molars, ^-152* 

^tero-postenor  diameter  of  first  upper  premolar, . '. 14* 

A^ntero-posterior  diameter  of  second  upper  premolar, 21' 

Transverse  diameter, 23* 

Antero-posterior  diameter  of  fourth  upper  premolar, 28* 

Transverse  diameter, 34* 

Antero-posterior  diameter  of  first  upper  true  molar, 42' 

Transverse  diameter, 67* 

Antero-posterior  diameter  of  second  upper  molar, 62* 

Transverse  diameter, 67* 

Antero-posterior  diameter  of  last  upper  molar, 60* 

Transverse  diameter, 69* 

Width  of  palate  between  posterior  molars, 92' 

Distance  between  bases  of  canines  of  lower  jaw  (2d  specimen)  46  * 

Antero-posterior  diameter  of  canine,  at  base, 32' 

Transverse  diameter, 28' 

Height  of  crown, 27* 

Antero-posterior  diameter  of  first  lower  premolar, 17' 

Transverse  diameter, 10* 

Antero-posterior  diameter  of  second  premolar, 26* 

Transverse  diameter,  in  front, 16' 

Antero-posterior  diameter  of  third  premolar, 28' 

Transverse  diameter,  in  firont, 17* 

Transverse  diameter,  posteriorly, 20* 

Length  of  median  cervical  vertebra, 46* 

Transverse  diameter  of  anterior  articular  face, 60* 

Vertical  di  ameter, 63' 

The  remains  here  described  belonged  to  an  animal  nearly  as 
large  as  a  rhinoceros.  They  are  from  the  Upper  Eocene  beds 
of  Utah. 

Orohippui  UintensU^  sp.  nov. 

The  present  species  is  the  largest  of  the  genus,  and  in  some 
respects  indicates  a  transition  between  the  lower  Eocene  species 
ana  the  allied  forms  in  the  Miocene.    It  agrees  witk  th^  kikOiiTi 
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species  of  the  gemiB  in  the  number  anj  general  structure  of 
the  teeth,  and  in  the  absence  of  the  posterior  intermediate  lobe 
of  the  upper  molars,  and  eapecially  m  the  presence  of  the  fifth 
digit  in  the  manus.  It  differs  in  the  much  deeper  transverse 
valleys  of  the  upper  molars,  and  in  their  wider  crowns.  The 
outer  faces  of  the  external  cusps  of  the  upper  molars  have  a 
strong  crest  extending  from  the  basal  ridge  to  the  apex. 
MeamremaM. 

Antero-posterior  diameter  of  penultimate  upper  molar, 8'  "'". 

Greatest  tranc verse  diameter, 12* 

Extent  of  lower  molar  aeries, 48- 

Extent  of  lower  premolar  series, 28* 

Antero-posterior  diameter  of  last  lower  premolar, 8'S 

Transverse  diameter, 6' 

Depth  of  jaw  below  third  lower  premolar, 14' 

This  species  occurs  in  the  upper  Eocene  deposits  of  Utah. 
Mesohippus,  gen.  nov. 

This  genua  presents  characters  intermediate  between  Oro- 
kippua*  Marsh,  and  Anchilhatum  von  Meyer.  The  skull  and 
teeth  are  very  similar  to  those  of  the  latter  genus,  and  the  den- 
tal formula  is  the  same.  In  the  feet,  however,  the  lateral  digiu 
are  larger  :  the  fifth  metacarpal  is  represented  by  an  elongated 
splint  bone  ;  and  the  second  and  third  cuneiform  bones  of  the 
pes  arenot  coossified.  The  tvpe  of  the  genus  is  Mesohippus 
Bairdi,—Anchitherium  jSaiVrfi" Leidy.  Mesohippits eder,  =Aiichx- 
tkerium  celer  Marsh,  is  a  smaller  species.  Both  are  from  the 
Miocene. 

Thirwhyus  lentua.  gen.  et  sp.  nov. 

This  genus  is  nearly  related  to  DieotyUa,  and  apparently  rep- 
resents an  earlier  form  of  the  same  type.  This  is  shown  in  the 
similar  structure  of  the  skull,  and  form  of  the  teeth.  The  most 
noteworthy  differences  seen  in  the  remains  under  description 
are,  an  additional  premolar  in  the  lower  jaw,  and  the  extension 
of  the  posterior  nares  between  the  last  upper  molars.  The 
orbit  is  not  enclosed  behind,  and  there  is  no  antorbital  fossa. 
The  brain  was  small — less  than  one-half  the  size  of  that  of  a 
Dicoiyles  of  the  same  bulk — and  much  convoluted.  There  is  a  , 
strong  bony  tentorial  ridge  The  molar  teeth  have  the  princi-  1 
pal  cusps  more  isolated  than  in  Dicoiyles,  and  the  intermediate 
lobes  larger.  I 

In  the  present  species  the  temporal  fosste  are  separated  above 
only  by  a  narrow  ridge.  The  auditory  bullee  are  large,  and 
oval  in  outline.  The  nasal  bones  are  broad  posteriorly,  Tbe 
*  In  WTeral  recent  publications,  Prof.  Cope  haa  referred  Uie  genus  OroAippu 
to  ISppottfui  Leldy.  Tbe  two,  however,  as  ebown  bj  a  compsrUon  of  tbe  type 
-"^eUneaa,  lia?e  no  Bffinity,  the  Utter  bekn^n^  to  tbe  QuidninuDk. 
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al  process  on  the  frontal  is  longer  than  in  Dicotyles^ 
5  pointed.  There  is  a  strong  cingulum  on  the  upper 
xcepting  on  the  base  of  the  inner  cones. 

Measwremimto. 

from  fronto-nasal  suture  to  inion,  on  median  line,  97*  ™™* 

between  orbits,  over  front als,  .-    64* 

of  zygomatic  arches,   96* 

:'  last  three  upper  molars, 43* 

jsterior  of  first  upper  true  molar, 14" 

56  diameter, 14' 

)8terior  diameter  of  second  molar, 16* 

je  diameter, 14" 

3tween  auditory  bullae, 9* 

38terior  diameter  of  auditory  bulla, 24* 

36  diameter, 18* 

f  symphysis  of  lower  jaw  (second  specimen), 64' 

between  lower  canines, 13' 

tween  lower  canines  and  first  premolar, .  8' 

tween  first  and  second  lower  premolars, 10' 

resent  species  was  somewhat  larger  than  the  DicoiyUs 
The  remains  here  described  are  from  the  Miocene, 
►hn  Day  Eiver,  in  Oregon. 

Thinohyus  socialise  sp.  nov. 

md  species  of  the  same  genus,  about  half  as  large  as 
ding,  is  indicated  by  some  fnigmentary  remains,  and 
rly  by  some  portions  of  upper  jaws  with  teeth  in  ex- 
•reservation.  In  the  present  species,  the  last  upper 
proportionately  narrower,  and  the  intermediate  looes 
e  upper  molars  are  less  developed.  In  other  respects 
1  agree  closely  with  those  of  the  last  species.  The 
f  the  upper  molars  is  somewhat  rugose,  and  there  is  a 
3asal  riage,  except  on  the  inner  sida 

MsaawemerUs, 

osterior  diameter  of  last  upper  molar, 12*  "™* 

86  diameter  through  anterior  cones, 10* 

86  diameter  through  posterior  cones, 8* 

3Sterior  diameter  of  second  upper  molar, 12* 

96  diameter,  in  front, 12* 

f  crown, 6*6 

pe  specimen  of  this  species  was  found  in  November, 
the  Miocene  beds  of  Oregon,  by  Mr.  F.  Mead,  Jr.,  of 
party. 

Eporeodon,  gen.  nov. 

g  the  species  now  placed  in  the  genus  Oreodon  of  Leidy 
two  well  marked  genera  which  may  readily  be  di&liu- 
by  the  base  of  the  siuJJ,  and  apparently  by  otYieT  ^^oax- 


wters.  In  tbe  form  first  described,  of  which  Oreodan  Ad&ni' 
soni  Leidy  may  be  considered  the  type,  there  is  no  indication 
of  an  auditory  bulla,  and  for  this  group  the  name  Oreodon  nay 
he  retained.  The  other  genua,  which  has  a  lai^e  auditory  bulli, 
may  be  named  Eporeod'-n.  Tbe  type  species  is  Eporeodon  ord- 
dentalia  =  Oreodon  occidcntalvi  Manifi,  from  tbe  Miocene  of  Ore- 
gon. The  other  known  species  of  this  genus  are  the  following; 
£^poreodon  siiperhua,  =  Oreodou  superbus  Leidy ;  ^oreodon  major, 
=  Oreodon  major  Leidy ;  und  Kporeodcm  bullatus,  =  Oreodon  W- 
itthis  Leidy.  These  species,  so  tar  as  observed,  occur  in  a 
what  different  horizon  of  tbe  Miocene,  from  the  true  Oreodim. 
They  are,  moreover,  of  larger  size,  and  to  this  the  proposoi 
name  refers. 

Agriochaerus  pumiltis,  sp.  nov. 

A  number  of  specimens  of  a  selenodoot  Artiodactyl,  from 
the  upper  Eocene,  agree  so  nearly  with  the  known  remains  of 
AgTiochmrim  Leidy,  that  the  species  they  represent  may  pro- 
visionally be  placed  in  that  genus.  They  indicate  an  aniimi 
less  than  one-half  the  size  of  the  species  already  descnbed 
The  teeth  preserved  agree  in  structure  essentially  with  those  of 
A.  latifrona  Leidy.  The  temporal  fosssB  Were  separated  only  bj 
a  sharp  cresL  Nothing  has  been  known  hitherto  of  the  skele- 
ton of  this  genus,  but  fortunately  some  of  the  more  impon-iul 
bones  were  found  with  the  teeth  of  the  present  specie.  These 
show  that  tbe  feet  are  of  the  true  Artiodactyl  type,  and  som^ 
what  resemble  those  of  Ortodon.  The  tibia  and  fibula  are  dis- 
tinct. The  navicular  and  cuboid  are  separate.  The  metapodisi 
bones  are  not  united,  and  the  second  and  fifth  were  present 
Mrastrtemaitt. 

Extent  of  last  three  lower  molars, S2'  ■"■ 

Antero-poslerior  diameter  of  penultimate  lower  molar,. .     10' 

Transverse  diameter, 8* 

Tntnsverae  diameter  of  humerns  at  distal  end, 94" 

Transverse  diameter  of  articolar  face, I  J" 

Least  vertical  diameter, _.     ll'l 

Transverse  diameter  at  distal  end, _.     16* 

Antero-poBterior  diameter, _  .     15' 

Extent  of  three  upper  true  molars  (second  specimen),..     ZT 

Antero-posterior  diameter  of  first  upper  molar, _       9'5 

Transverse  diameter, IT 

Antero-poslerior  diameter  of  second  upper  molar, II' 

Transverse  diameter, 13' 

The  present  species  was  about  three-fourths  the  size  of  tte 
Collared  Peccary  {Dicotylea  torqualus).    The  specimens  described 
are  from  the  upper  Eocene  of  Utah. 
Yale  College,  New  Haven,  Feb.  30,  lS7fi. 
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Art.  XXVL — Notice  of  New  Tertiary  Mammals^  IV ;   by 

d.  C.  Marsh. 

The  remains  described  in  the  present  communication  include 
ome  new  forms  of  Quadrumana  from  the  Eocene  and  Miopene; 

species  of  the  new  order  Ttllodontia^  recently  established  by 
he  writer ;  the  first  horned  Rhinoceroses  found  in  this  coun- 
:j  ;  a  new  genus  of  the  Brontotheridce  ;  and  a  number  of  other 
xtinct  mammals  from  the  Tertiary  of  the  Rocky  Mountain 
egion  and  the  Pacific  coast  The  specimens  described  are  all 
•reserved  in  the  Museum  of  Yale  College. 

Lemuravus  distant,  gen.  et  sp.  nov. 

The  first  announcement  of  the  order  Primates  from  the  Tertia- 
y  of  this  country  was  published  by  the  writer,  Oct  8th,  1872, 
nd  subsequently  appeared  in  this  Journal,  (voL  v,  p.  405,  Nov., 
872).  In  this  paper,  three  genera  of  the  Limnotheridoe,  viz : 
jimnotheriumj  Thtnolestes  and  Telmatolesies,  previously  described 
y  the  writer,  were  shown  to  belong  to  the  lower  Quadrumana, 
be  principal  parts  of  the  skeleton  being  very  similar  to  those 
f  Lemurs,  wnile  the  jaws  were  somewhat  like  those  of  Marmo- 
ets.  The  number  of  teeth  was  stated  to  be  greater  than  in 
ny  known  forms  of  the  order.  Subsequent  researches  have 
illy  confirmed  this  determination,  and  manv  new  facts  may 
ow  be  added  in  regard  to  the  characters  and  affinities  of  this 
rell  marked  group.  From  numerous  specimens,  the  writer  has 
scertained  that  the  Limnothendce  should  be  placed  in  the  Pro- 
imice.  The  brain  was  nearly  smooth,  and  the  cerebellum  large, 
nd  placed  mainly  behind  the  cerebrum.  The  orbits  are  open 
►ehind,  and  the  lachrymal  foramen  is  outside  the  orbit 

In  addition  to  the  genera  mentioned  above,  an  examination 
f  the  type  specimens  of  Notharctos^  Hipposyus^  Microsyops^  and 
'^alceacoaon  of  Leidy  shows  that  they  are  true  Primates,  and 
irobably  all  belong  to  the  Ldmnotheridx,  To  these  may  be  added 
\fesacoclonj  Bathrodoriy  and  Antiacodori,  described  by  the  writer.* 

The  genus  Lemuravus^  here  described,  is  nearly  related  to 
lyopsodus  Leidy.  The  latter  proves  on  investigation  to  belong 
0  the  Primates^  and  not  to  the  Ungulates.     This  is  shown  by 

*  Antiacodon  namu  Marsh  was  redescribed  by  Cope,  seyeral  months  later,  under 
tie  name  Anaptomofphua  cBmuhu.  Limnotheriwn  affine  Marsh  was  likewiee  re- 
isscribed  by  the  same  author  as  ItmUtherntm  rostratum  Oope. 
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the  close  correspondence  of  the  skeleton  with  that  of  the  Le- 
mure,  and  by  the  general  structure  of  the  skull.  Hyopsodxis  and 
the  present  genua  represent  a  distinct  fiamilj',  which  may  be 
called  LemiiruvidiE.  The  type  genus.  Leviuravus,  has  44  teeth, 
indicating  the  most  generalized  form  of  the  order.  Hyopsodus 
baa  apparently  but  42.  In  the  former,  the  teeth  form  a  contin- 
uous seriea  above  and  below.  The  canines  are  small,  and  the  np- 
¥er  incisors  are  not  separated  on  the  meiiian  line,  as  in  Lemurs. 
'he  molar  teeth  appear  to  be  essentially  the  same  as  those  of 
Hyopsodus,  but  as  the  latter  are  only  known  with  certainty 
from  the  lower  jaw  first  described  there  may  be  important  dif- 
ferences. The  symphysis  of  the  lower  jaw  is  completely  coos- 
sified.  The  brain  was  nearly  smooth,  and  of  moderate  size. 
The  skeleton  most  resembles  that  of  the  Lemurs.  The  humerus 
has  at  its  distal  end  a  supracondylar  foramen,  and  a  supra- 
trochlear perforation.  The  radius  and  ulna  are  distinct  The 
femur  has  a  small  pit  in  the  head  for  the  round  ligament.  Its 
distal  end  is  more  flattened  an tero- posteriorly  than  in  the 
Lemurs.  The  tibia  and  fibula  are  separate.  The  astragalus  is 
very  similar  to  that  of  Lemur. 

Maimtrmnenli. 

Space  occnpied  by  entire  upper  dental  series, 30-  ""■ 

Extent  of  upper  molar  series, ___    ...     21'5 

Extent  of  three  upper  true  molars, 11- 

Extent  of  three  npper  inciBors,  5-5 

Extent  of  lower  molar  series, 23- 

Extent  of  three  lower  true  molars, 125 

Diameter  of  head  of  femur, _ 6' 

Transverse  diameter  of  distal  end  of  femur, 10' 

Transverse  diameter  of  proximal  end  of  tibia, 9' 

Transverse  diameter  of  distal  end, 5"5 

Length  of  astragalus, 7'6 

The  present  species  was  about  the  size  of  the  largest  squirrels. 
The  type  specimen  was  found  in  1871,  in  the  Lower  Eocene  of 
Wyoming,  by  Mr.  T.  G.  Peck  of  the  Yale  party. 

LaopUhecus  robusttts,  gen.  et  sp.  nov. 
Among  the  interesting  specimens  obtained  by  the  writer 
during  his  late  expedition  to  the  "  Bad  Lands"  in  Nebraska 
was  the  lower  jaw  of  a  monkey,  the  first  of  the  order  found  it 
that  region.  The  specimen  is  well  preserved,  and  indicates  an 
animal  about  as  large  aa  a  Coati.  The  crowns  of  the  naolar 
teeth  agree  essentially  with  those  of  some  South  Americao 
monkeys,  but  still  more  nearly  with  those  of  the  Eocene  Lmwi- 
iheridcB.  From  that  family  the  present  genus  may  readily  be 
distinguished  by  the  first  true  molar,  which  is  the  largest  of 
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the  series,  much  larger  than  the  penultimate.  The  last  lower 
molar  is  smaller  than  the  others.  In  the  first  and  second  true 
molars,  the  external  cusps  are  slightly  in  advance  of  the  corre- 
sponding inner  ones.  The  anterior  pair  are  higher  and  nearer 
together  than  those  behind.  A  low  ridge  extends  obliquely 
from  the  base  of  the  anterior  inner  cone  to  the  summit  oi  the 
outer  posterior  cusp.  The  inner  posterior  cusp  is  smaller  than 
the  others,  and  separated  from  them.  The  crowns  are  bounded 
by  a  distinct  basal  ridge,  except  on  the  inner  side.  The 
enamel  of  the  molars  is  rugosa 

Measwrements. 

Space  occupied  by  three  lower  true  molars, l^^.mm. 

Antero-posterior  diameter  of  first  lower  molar, 7* 

Transverse  diameter, 6* 

Height  of  crown, 6*6 

Antero-posterior  diameter  of  penultimate  molar, 6*6 

Transverse  diameter, 6' 

Height  of  crown, 4- '2 

Depth  of  jaw  below  first  lower  molar, 12*6 

This  specimen  was  found  in  the  Oreodon  horizon  of  the  Mio- 
cene "  Bad  Lands,"  about  thirty  miles  south  of  the  Black  Hills. 

T^llotherium  fodienSj  sp.  no  v. 

Since  this  genus  was  proposed  by  the  writer  (this  Journal, 
V,  p.  485,  June,  1878),  mucn  light  has  been  thrown  upon  its 
affinities  by  additional  remains.  It  proves  to  be  quite  distinct 
from  Anchippodus{Trogosijis)'Le\dy,  although  nearly  related.  The 
latter  genus,  unfortunately,  is  known  only  from  portions  of  the 
lower  jaw,  but  this  shows  marked  diflferences  from  Tilloiherium^ 
which  lacks  the  inner  pair  of  small  lower  incisors,  and  has  an 
incisor  and  a  canine  between  the  large  scalpriform  tooth  and 
the  first  lower  premolar.  Tillotherium  has  84  teeth  in  its  per- 
manent dentition  (p.  221),  and  the  molar  teeth  most  resemble 
those  in  Ungulates.  The  upper  true  molars  are  similar  to  the 
premolars  of  some  Eocene  Perissodactyls,  but  are  somewhat  like 
the  tubercular  molars  of  the  Canidce.  The  lower  molar  series 
is  of  the  Palceotherium  type,  and  the  last  lower  molar  has  a 
well  developed  posterior  lobe. 

In  the  present  species,  the  canines  were  small,  and  the  supe- 
rior ones  placed  somewhat  behind  the  premaxillary  suture.  The 
five  digits  on  each  foot  were  all  well  developed,  and  of  mode- 
rate length.  The  metapodial  bones  are  similar  to  those  in 
Ursus  Americantis^  but  the  ungual  phalanges  preserved  are  more 
oblique,  and  leas  pointed  at  the  extremity. 


SwA^Ano  SrAary  ifammals. 


Mttuiwemeittt. 
I-ength  of  skull,  from  front  of  incisorB  to  end  of  oacipitfti 

condyles, - S55-  -"'• 

Extent  of  entire  Q)>per dental  serieg, 189' 

Extent  of  npper  molar  series, - .     98- 

Ezt«nt  of  three  true  molars,  _: 69' 

Antero-poaterior  diumeter  of  penultimate  upper  molar,..     20'5 

Transverse  diameter  (greatest), 36- 

Antero-posterior  diameter  of  last  upper  premolar, 12- 

Transierse  rJinmeter, 24- 

Antero-posteriordinmeterofbaseofgUriform  upper  incisor,  22" 

TransversL'  diameter, 18-6 

Distance  between  bases  of  upper  canines, 36' 

Extent  of  lower  dental  series, 162" 

Kitent  of  last  three  lower  molars, 70" 

Extent  of  entire  lower  molar  aeries, .,     M* 

Antero-poBteiior  diameter  of  lower  gliriforra  iucdsor, 21" 

Transverse  diameter, 16" 

Transverse  diameter  of  condyle  of  lower  jaw, 82* 

Length  of  radius, 170" 

Transverse  diameter  of  humerus  at  distal  end, 76" 

Transverse  diameter  of  tibia  at  proximal  end, SB' 

Length    of  ealcatieum, 72' 

Length  of  first  melacarpnl, 40- 

Length  of  second  metatarsal, 46" 

Length  of  ungual  phalanx, 35* 

Width  of  articular  face, 12*5 

Vertical   diameter, _ 14' 

The  remains  here  described  indicate  an  animal  about  two- 
thirds  as  large  as  a  Tapir.  They  are  from  tbe  JJinoceras  beds 
of  tbe  Eocene  of  Wyoming.  Anchippodua  minor  Marsh 
{Trogosua  castorideiis  Leidy)  is  from  a  lower  horizon  of  the  same 
formation.     Both  belong  to  the  order  Tillodontia. 

Diceratherium  armatum,  gen.  et  sp,  DOv. 
The  present  genus  is  of  special  interest,  as  it  includes  tbe 
first  extinct  rhinoceroses  with  horns  found  in  America.  It  is 
an  interesting  fact,  likewise,  that  these  had  each  a  pair  of  horns 
placed  transversely,  aa  in  modem  Ruminants,  although  tbe  dis- 
covery of  Duwceras  and  Broutot/ierium  has  rendered  this  fea- 
ture Wss  unexpected.  The  existence  of  these  horns  is  clearly 
indicated  by  large  osseous  protuberances  on  the  anterior  por- 
tion of  the  nasal  bones.  The  latter  are  massive  and  firmly 
ooossified,  evidently  to  support  well  developed  horns.  The 
remainder  of  the  skull,  and  the  teeth,  aa  well  aa  the  pkeletoD, 
so  far  as  known,-  resemble  the  corresponding  parts  in  Actrathb- 
rium.     The  dental  foiTnula  appears  to  be, 

Incisors    — ,  canines  — ,   premolars  — ,   molars  — . 
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Art.  XXVII. — The  History  of  Young's  Discovery  of  his  Theory 

of  Colors ;  by  Alfred  M.  Mayer. 

The  object  of  this  communication  is  twofold  :  I  desire  first 
to  give  complete  abstracts  from  the  writings  of  Newton,  Young 
and  Wollaston,  in  order  to  put  the  student  of  science  in  posses- 
sion of  all  of  the  early  literature  of  Young's  celebrated  theory 
of  colors.  In  the  second  place,  I  propose  to  trace  the  curious 
history  of  the  steps  by  which  Young  was  led  to  the  final  adop- 
tion of  what  is  now  known  as  Young's  theory  of  color-sensation. 
In  accomplishing  the  first  of  these  objects,  I  shall,  at  the  same 
time,  attempt  to  show,  1st,  that  Young  first  formed  an  hypothe- 
sis similar  to  that  known  as  Brewster's;  that  is,  he  selected 
red,  yellow  and  blue  as  the  three  simple  color-sensations ;  2d, 
that  he  subseauently  modified  his  hypothesis  and  adopted  red, 
green  and  violet  as  the  three  elementary  color-sensations,  show- 
ing that  up  to  the  date  of  this  change  of  opinion  all  of  bis 
ideas  on  the  subject  were  hypothetical,  and  not  based  on  any 
observations  or  experiments  of  his  own  or  of  others ;  8d,  that 
this  change  of  opmion  as  to  the  three  elementary  colors  was 
made  on  the  basis  of  a  misconception  by  Wolfaston  of  the 
nature  of  his  celebrated  observation  of  the  dark  lines  in  the 
solar  spectrum,  and  also  on  the  basis  of  an  erroneous  observa- 
tion made  by  Young  in  repeating  WoUaston's  experiment ;  4th, 
that  Youne  subsequently  tested  his  hypothesis  of  color-sensa- 
tion and  &und  that  it  was  in  accord  with  facts  reached  by 
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experimeDt;  and  that  these  experiments  then  vindicated  his 
hypothesis  and  raised  it  to  the  dignity  of  a  theory.* 

Before  discussing  the  subject  proper  of  this  article,  it  may  be 
well  to  give  the  reader  a  clear  conceptiou  of  Young's  theory  of 
color,  and  to  show  in  what  high  estimation  it  is  at  present  held 
by  men  of  science.  This  can  best  be  done  by  the  reading  uf 
the  following  short  extracts  from  Helmholtz'a  "Physiological 
Optica  "  and  from  bis  "  Popular  Scientific  Lecturea." 

"To  apeak  of  three  funaamental  colors  in  an  objective  sense 
would  be  nonsense ;  in  fact,  aa  long  aa  one  refers  only  to  purelj 
physical  conditions,  and  while  there  is  no  reference  to  the 
human  eye,  the  properties  of  compound  light  depend  alone  nn 
the  proportions  io  which  exist  lights  of  different  wave-Iengtbs. 
The  reauction  of  light  to  three  fundamental  colors  can  never 
have  anything  else  than  a  subjective  signification;  it  consists 
simply  in  reducing  all  cohr-sejisatioTis  to  thrre  fundamental 
sensations.  It  is  m  this  sense  that  Young  understood  tbe 
problem,  and  his  hypothesis  gives,  in  fact,  an  exceedingly  clear 
and  simple  explanation  and  summary  of  all  of  the  phenomeiiji 
found  in  the  ph^-siological  study  of  colors.     Young  states  that: 

" '  1 .  There  exist  in  the  eye  three  kinds  of  nerve  fi  bers  whose 
excitation  respectively  gives  the  sensation  of  red,  of  green,  and 
of  violet. 

"'2.  Homogeneous  light  excites  the  three  kinds  of  nerve 
fibers  with  an  intensity  which  varies  with  its  wave-leagth.' 
That  which  possesses  the  greatest  length  of  wave  excites  most 
powerfully  the  fibers  sensitive  to  red,  tiiat  which  has  an  aver^ 
wave-length  excites  the  nerves  sensitive  to  green,  while  that 
light  formed  of  the  shortest  waves  acts  on  the  fibers  which  give 
the  violet  sensation.  Nevertheless  we  cannot  deny,  but  rather 
should  admit  for  the  explanation  of  numerous  phenomena,  that 
each  color  of  the  spectrum  excites  all  three  kinds  of  nerve 
fibers,  but  with  different  intensities.  Imagine  the  colors  of  the 
spectrum  arranged  hnrizontiilly  in  going  from  the  red,  R,  to  the 
violet,  V.  as  shown  at  the  base  of  figure  1.  The  three  curves 
will  then  represent  more  or  less  exactly  the  degrees  of  irrita- 
bility of  the  three  kinds  of  nerve  fibers  {1,  the  red  ;  2,  the 
green  ;  3,  the  violet)  for  the  various  colors  of  the  gpeclrum. 

•These  two  terms.  hj/poOiau  and  Vuory,  are  so  generally  iniBundetMood  tni 
thonghtlesalj  uaed  that  it  may  be  well  here  to  give  two  oonclBe  deQiiitions;  (h> 
flnt  U  by  Flourens ;  the  second  is  bj  Prof.  J.  Heniy. 

"  An  kypaOiaia  is  the  eipUnation  of  facta  by  possible  caoaa  ;  a  theory  ia  ihe  ei- 
ptanation  of  facta  by  reai  caiua. " 

"  A  luppoaitioo  or  guess  thus  mode  from  analogy  &9  to  the  oature  of  the  lav  al 
a  class  of  facts,  is  usunlly  colled  an  hypothesis  and  sometimes  the  antaxilenl  prabii' 
bilily.  When  an  hypothesis  of  this  iiiiid  has  been  extended  and  verified,  or,  In 
other  words,  when  it  has  become  aa  exact  expression  of  the  law  of  a  dsas  of  bcK 
It  ia  then  called  a  Iheor]/," 
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*'  Pure  red  excites  strongly  the  fibers  sensitive  to  red,  and 
feebly  the  two  other  kinds  oi  fibers ;  sensation,  red. 


1. 


"  Pure  yellow  excites  moderately  the  fibers  sensitive  to  red  and 
to  green,  feebly  those  fibers  sensitive  to  violet ;  sensation,  yellow. 

"Pure  green  excites  strongly  the  fibers  sensitive  to  green, 
feebly  those  sensitive  to  red  and  to  violet ;  sensation,  green. 

"  f  ure  blue  excites  in  a  moderate  degree  those  fibers  sensitive 
to  green  and  to  violet,  feebly  those  sensitive  to  red ;  sensation, 
blue. 

"  Pure  violet  excites  strongly  those  fibers  specially  destined 
to  receive  this  sensation,  and  the  other  fibers  are  feebly  affected 
by  this  light ;  sensation,  violet 

"  The  nearly  equal  excitation  of  all  of  the  fibers  will  give  the 
sensation  of  white,  or  of  whitish  colors." 

******  The  choice  of  the  three  fundamental  colors  is 
bo  some  extent  arbitrary.  We  can  choose  at  will  any  three 
colors  whose  mixture  produces  white.  Young  no  doubt  was 
juided  by  the  consideration  that  the  extreme  colors  of  the  spectrum 
occupied  the  privileged  positions.*  If  we  do  not  choose  these 
colors,  we  must  take  for  one  of  the  colors  a  purple  tint,  and  the 
3urve  which  responds  to  it  in  the  figure  will  nave  two  maxima : 
:>ne  in  the  red,  the  other  in  the  violet  The  hypothesis,  with- 
:)ut  being  an  impossible  one,  will  be  more  complicated.  As  &r 
IS  I  know  of,  there  exists  no  means  of  determining  directly  the 
fundamental  colors  but  the  examination  of  persons  affected  with 
!olor  blindness.  We  will  subsequently  see  how  far  that  exami- 
nation confirms  the  hypothesis  of  Young,  at  least  so  far  as  the 
•ed  is  concerned." 

*  *  *  "In  general,  then,  light  which  consists  of  undula- 
nons  of  different  wave-lengths  produces  different  impressions 
ipon  our  eye,  namely,  those  of  different  colors.  But  the  num- 
ber of  hues  which  we  can  recognize  is  much  smaller  than  that 
>f  the  various  possible  combinations  of  rays  with  different  wave- 
lengths which  external  objects  can  convey  to  our  eyes.    The 

^Th»  writer  has  italidied  the  above  for  the  purpose  of  a  takm  nta«QM  \o  Vl 
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retina  caDnot  distinguish  between  tlie  white  which  ia  pro- 
duced by  the  union  of  scarlet  and  bluish-green  ligiit,  and 
that  which  is  composed  of  yellowish-green  and  violet,  or  of 
yellow  and  ultramarine  blue,  or  of  red,  green  aud  violet,  orof 
all  the  colors  of  the  spectrum  united.  All  these  combinatioM 
appear  identically  as  white  ;  and  vet  from  «  physical  point  if 
view  they  are  very  different  In  /act,  the  only  resemblance  be- 
tween the  several  combinations  just  mentione<i  is,  that  they  are 
indistinguishable  to  the  human  eye.  For  instance,  a  surlice 
illuminated  with  red  and  bluish-green  light  would  come  oat 
black  in  a  photograph  ;  while  another  lighted  with  yellowish- 
green  and  violet  would  appear  very  bright,  although  both  sur- 
faces alike  seem  to  the  eye  to  be  simply  white. 

*  *  *  "Other  colors,  also,  especially  when  they  are  not 
strongly  pronounced,  may,  like  pure  white  light,  be  composeii 
of  very  different  mixtures,  and  yet  appear  indtstinguishaole  to 
the  eye,  while  in  every  other  property,  physical  or  chemical, 
they  are  entirely  distinct 

*  *  *  "Tbe  theory  of  colors,  with  all  these  marvelous 
and  complicated  relations,  was  a  riddle  which  0oethe  in  vain 
attempted  to  solve;  nor  were  we  phjsicists  and  physiologists 
more  success f'ul.  I  include  myself  in  the  number  ;  forlTooe 
toiled  at  the  task,  without  getting  any  nearer  my  object,  uutil 
I  at  last  discovered  that  a  wonderfully  simple  solution  had  been 
discovered  at  the  beginning  of  this  century,  and  had  been  in 
print  ever  since  for  any  one  to  read  who  chose.  This  solution 
was  found  and  published  by  the  same  Thomas  Young  who  first 
showed  the  right  method  of  arriving  at  the  interpretation  of 
Egyptian  hieroglyphics.  He  was  one  of  the  most  acute  inec 
who  ever  lived,  but  had  the  misfortune  to  be  too  far  in  advance 
of  his  contemporaries.  They  looked  on  him  with  astonishment 
but  could  not  follow  hia  bold  speculations,  and  thus  a  mass  of 
his  most  important  thoughts  remained  buried  and  forgotten  in 
'The  Transactions  of  the  Royal  Society,'  until  a  later  genera- 
tion by  slow  degrees  arrived  at  the  re<iiscovery  of  hia  discov- 
eries, and  came  to  appreciate  the  force  of  his  argument  and  tbe  j 
accuracy  of  his  conclusions." 

The  first  publication  by  Young  of  his  theor}-  of  color  appeared 
in  a  Bakcrian  Lecture  entitled,  "On  the  Theory  of  Light  and 
Colors,"  which  Young  read  before  the  Royal  Society  on  Nov. 
12, 1801.  In  the  opening  part  of  this  lecture  he  says :  "A  more 
extensive  examination  of  Newton's  various  writings  has  shown 
me  that  he  was,  in  reality,  the  first  who  suggested  such  a  theory 
[(Ae  undulatoi-y  theory  of  light],  as  I  shall  endeavor  to  maintain; 
that  his  own  opinions  varieil  less  from  this  theory  than  is  noff 
almost  univeraally  supposed  ;  and  that  a  variety  of  aigumenB 
have  been  advanced,  as  if  to  confute  him,  which  may  be  fouail 
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in  a  similar  form  in  his  own  works;  and  this  by  no  less  a 
mathematician  than  Leonard  Euler,  whose  system  of  light,  as 
far  as  it  is  worthy  of  notice,  either  was,  or  might  have  been, 
wholly  borrowed  from  Newton,  Hooke,  Huyghena  and  Male- 
branche. 

"Those  who  are  attached,  as  they  may  be  with  the  great- 
est justice,  to  every  doctrine  which  is  stamped  with  the  New- 
tonian approbation,  will  probably  be  disposed  to  bestow  on 
these  considerations  so  much  the  more  of  their  attention  as  they 
shall  appear  to  coincide  more  nearly  with  Newton*s  opinion. 
For  this  reason,  after  having  briefly  stated  each  particular  posi- 
tion of  my  theory,  I  shall  collect,  from  Newton  s  various  writ- 
ings, such  passages  as  seem  to  be  the  most  favorable  to  its  admis- 
sion ;  and  although  I  shall  quote  some  papers  which  may  be 
thought  to  have  been  partly  retracted  at  the  publication  of  the 
optics,  yet  I  shall  borrow  nothing  from  them  that  can  be  sup- 
posed to  militate  against  his  maturer  judgment" 

The  fact  that  Young,  \\iQ  founder  of  the  undulatory  theory  of 
light,  in  this  Bakerian  Lecture,  in  which  it  has  been  said  that 
he  laid  tlie  foundations  of  that  doctrine,  should  set  forth  his 
views  in  a  series  of  postulates  followed  by  citations  from  the 
writings  of  Newton,  to  give  them  weight  and  proof,  may  justly 
surprise  those  who  have  trusted  to  the  second-uand  information 
derived  from  carelessly-complied  text  books  and  from  hastily- 

f)repared  popular  lectures.  But  then,  where  would  be  the  pugi- 
istic  charm  of  the  popular  lecturer  on  the  undulatory  theory  of 
light,  if  Newton,  his  champion,  the  violent  defender  of  the  ema- 
nation cause,  should  decline  to  enter  as  a  contestant? 

Under  the  heading  of  Hypothesis  III,  of  this  paper,  we  first 
meet  Young's  theory  of  color- sensation. 

"  Hypothesis  IIL  The  Sensation  of  different  Colours  depends  on 
the  different  frequency  of  Vibrations^  excited  by  Light  in  the  Retina, 

Passages  from  Newton. 

'*  The  objector's  hjrpothesis,  as  to  the  fundamental  part  of  it, 
is  not  against  me.  That  fundamental  supposition  is,  that  the 
parts  of  bodies,  when  briskly  agitated,  do  excite  vibrations  in 
the  ether,  which  are  propagated  every  way  from  those  bodies  in 
straight  lines,  and  cause  a  sensation  of  light,  bv  beating  and 
dashing  against  the  bottom  of  the  eye,  sometning  after  the 
manner  that  vibrations  in  the  air  cause  a  sensation  of  sound,  by 
beating  against  the  organs  of  hearing.  Now,  the  most  free 
and  natural  application  of  this  hypothesis  to  the  solution  of 
phenomena  I  take  to  be  this :  that  the  agitated  parts  of  bodies,  ac- 
cording to  their  several  sizes,  figures  and  motions,  do  excite  vibra- 
tions in  the  ether  of  various  depths  or  bignesses,  which  being  pro- 
miflcuooalj  propagated  tlirough  that  medium  to  our  eyes^  effect 


in  us  a  Bensation  of  light  of  a  white  color  ;  but  if  by  any  a 
those  of  unequal  bigness  be  separated  from  one  another,  the 
largest  b^et  a  sensation  of  area  color,  the  least  or  shortest  of  a 
deep  violet,  and  the  intermediate  ones  of  intermediate  colors; 
much  after  the  manner  that  bodies,  according  tti  their  several 
sizes,  shapes,  and  motions,  excite  vibrations  in  the  air,  of  var- 
ious bignesses,  which,  according  to  those  bignesses,  make  sev- 
eral tones  in  a  sound  ;  that  the  largest  vibrations  are  best  able 
to  overcome  the  resistance  of  a  refracting  superficies,  and  fo 
break  through  it  with  least  refraction  ;  whence  the  vibrations 
of  several  bignesses,  that  is,  the  rays  of  several  colors,  which 
are  blended  together  in  light,  must  be  parted  from  one  anolber 
by  refi-aetion,  and  so  cause  the  phenomena  of  prisms  and  other 
refracting  substances;  and  that  it  depends  upon  the  thickne^ 
of  a  thin  transparent  plate  or  bubble  whether  a  vibration  shall 
be  reflected  at  its  further  superficies,  or  transmitted ;  so  that,  ac- 
cording to  the  number  of  vibrations  interceding  the  two  super- 
ficies, they  may  be  reflected  or  transmitted  formany  thicknesses, 
And,  since  the  vibrations  which  make  blue  and  violet  are  sop 
posed  shorter  than  those  which  make  red  and  yellow,  they  must 
be  reflected  at  a  leas  thickness  of  the  plate:  which  is  suSicient 
to  explicate  all  the  ordinary  phenomena  of  those  plates  or  bub- 
bles, iiiid  iilsn  of  nil  natural  bodies  wiio.se  piirts  are  like  so 
many  fragments  of  such  plates.  These  seem  to  be  most  plain, 
genuine,  and  necessary  conditions  of  this  hypothesis.  And  thev 
^^e  so  justly  with  my  theory,  that  if  the  animadversor  think 
fit  to  apply  them,  he  need  not,  on  that  account,  apprehend  a 
divorce  from  it.  But  yet,  how  he  will  defend  it  from  other  dif- 
ficulties, I  know  not''  (Pbil.  Trans.,  vii,  5088;  Abr.  I,  145, 
Nov.,  1672.) 

"To  explain  colors,  I  suppose,  that  as  bodies  of  varioussizes, 
densities,  or  sensations,  do,  by  percussion  or  other  action,  ex- 
cite sounds  of  various  Umes,  and  consequently  vibrations  on  the 
air  of  different  bigness ;  so  the  rays  of  light,  by  impinging  on 
the  stiflF  refracting  superficies,  excite  vibrations  in  the  ether— of 
various  bigness;  the  oiggest,  strongest,  or  most  potent  rays,  the 
largest  vibrations;  and  others  shorter,  according  to  their  big- 
ness, strength,  or  power ;  and  therefore  the  ends  of  the  capil- 
laments  of  the  optic  nerve,  which  pave  or  face  the  retina,  heiug 
such  refracting  superficies,  when  the  rays  impinge  upon  them, 
they  must  there  excite  these  vibrations,  which  vibrations  (like 
those  of  sound  in  a  trunk  or  trumpet)  will  run  along  tbe 
aqueous  pores  or  crystalline  pith  of  the  capillamenta,  tbrougii 
the  optic  nerve  into  the  sensorium  ;  and  there,  I  suppose,  affect 
the  sense  with  various  colors,  according  to  their  bigness  ami 
mixture;  the  biggest  with  the  strongest  colors,  reds  and  yellows; 
the  least  with  the  weakest,  blues  and  violets ;  the  middle  with 


Duoovtry  of  his  Theory  of  Colors.  267 

green ;  and  a  confdsion  of  all  with  white,  much  after  the  manner 
that,  in  the  sense  of  hearing,  nature  makes  use  of  aerial  vibra- 
tions of  several  bignesses,  to  generate  sounds  of  divers  tones  ; 
for  the  analogy  of  nature  is  to  be  observed."  (Birch,  iii,  262, 
Dea,  1675.) 

''  Considering  the  lastingness  of  the  motions  excited  in  the 
bottom  of  the  eye  by  light,  are  they  not  of  a  vibrating  nature  ? 
Do  not  the  most  refrangible  rays  excite  the  shortest  vibrations, 
— the  least  refrangible  the  largest  ?  May  not  the  harmony  and 
discord  of  colors  arise  from  the  proportions  of  the  vibrations 
propagated  through  the  fibers  of  the  optic  nerve  into  the  brain, 
as  the  harmony  and  discord  of  sound  arise  from  the  propor- 
tions of  the  vibrations  of  the  air  ?"    (Optics,  Qu.  16,  13,  14. 

After  these  quotations  from  Newton,  Young  brings  out  his 
hypothesis  of  color  sensations,  under  the  following : 

"  Scholium.  Since,  for  the  reason  here  assigned  by  Newton,  it 
is  probable  that  the  motion  of  the  retina  is  rather  of  a  vibratory 
than  of  an  undulatory  nature,  the  frequency  of  the  vibrations 
must  be  dependent  on  the  constitution  of  this  substance.  Now, 
as  it  is  almost  impossible  to  conceive  each  sensitive  point  of  the 
retina  to  contain  an  infinite  number  of  particles,  each  capable 
of  vibrating  in  perfect  unison  with  every  possible  undulation, 
it  becomes  necessary  to  suppose  the  numoer  limited ;  for  in- 
stance, to  the  three  principal  colors^  red,  yellow  and  blue,  of  which 
the  undulations  are  related  in  magnitude  nearly  as  the  numbers 
8,  7  and  6;  and  that  each  of  the  particles  is  capable  of  being 

f)ut  in  motion,  less  or  more  forciblv,  by  undulations  diflFering 
ess  or  more  from  a  perfect  unison  ;  for  instance,  the  undulations 
of  green  light,  being  nearly  in  the  ratio  of  6^,  will  affect  equally 
the  particles  in  unison  with  yellow  and  blue,  and  produce 
the  same  effect  as  a  light  composed  of  those  two  species ;  and 
each  sensative  filament  of  the  nerve  may  consist  of  three  por- 
tions, one  for  each  principal  color." 

An  attentive  perusal  of  the  above  quotation  will  show  that 
Young's  hypothesis  imagines  each  sensitive  point  of  the  retina 
to  contain  particles  capable  of  vibrating  in  perfect  unison  to 
those  vibrations  causing  three  principal  colors  (red,  yellow  and 
blue,  in  this  the  first  publication  of  his  hypotliesis),  ^'  and  that 
each  of  the  particles  is  capable  of  being  put  in  motion,  less  or 
more  forciblv,  by  undulations  differing  less  or  more  from  a  per- 
fect unison.  This  would  suppose  such  a  triple  molecular  con- 
stitution of  each  nerve  fibril  as  to  cause  the  three  species  of 
its  constituent  molecules  (or  the  atoms  forming  the  molecules) 
to  be  in  tune  with  the  three  rates  of  vibration  corresponding 
respectively  to  the  undulations  of  the  ether  causing  red,  yellow 
ana  blue.  He  afterward  says :  '^  and  each  sensitive  filament  of 
the  nerve  may  consist  of  three  portions,  one  for  each  prinoii^al 
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color."  We  have  here  a  conception  of  the  mode  of  action  of  an 
setherial  vibration  on  the  retinal  nerve  fibrils  which  has  not 
been  described  by  those  who  have  given  accounts  of  Young's 
theory  of  col  or- sensation.  Before  reading  the  celebrated  Bak- 
eriao  Lecture,  the  only  knowledge  I  haa  directly  obtained  of 
Yonne's  theory  was  from  the  reading  of  the  account  of  it  as 
published  in  vol.  i,  page  489,  of  his  "  Lectures  on  Natural 
Philosophy  and  the  Mechanical  Arts,"  London,  1807.  This  ac- 
count, however,  contains  no  mention  of  the  physiological  part 
of  his  theory,  and  last  October  I  published  in  the  American 
Journal  of  Science  my  paper  No  fl  of  Researches  in  Acoustics, 
in  which  I  expressed  simAar  views  to  those  just  quoted  from 
Young,  as  follows : 

'■  For,  has  modem  histology  given  us  any  facta  coQcerning 
the  structure  of  the  human  retina  which  point  to  the  establish- 
ment of  Young's  hyjKithesis  of  three  aistinct  sets  of  retiual 
nerve  terminations  7  The  more  we  .»<tudy  the  minute  structure 
of  the  retinal  rods  and  cones,  the  farther  appears  to  remove  an 
understanding  of  the  mode  of  operation  of  toe  sensory  apparatus 
of  the  eye  May  not  research  m  this  direction  be  guided  by 
the  hypothesis  that  the  molfcular  constitution  of  the  retinal  rods 
and  cones  is  such  that  their  molecules  are  severally  tuned  W 
the  vibrations  corre.'^poiiding  to  the  colors  red,  green  it nd  violet? 
This  would  lead  us  to  look  for  effects  of  actinism  on  the  retina 
as  showing  the  link  existing  between  the  transmitting  and  sen- 
Bory  functions  of  the  eye  Do  not  the  facts  of  the  known  per- 
sistence of  chemical  action,  after  it  has  been  once  initiated,  and 
the  time  which  would  be  required  for  the  retinal  molecules  to 
recombine,  or  rearrange  themselves,  after  the  Eetherial  vibratioos 
had  ceased,  comport  with  the  known  durations  of  the  residual 
visual  sensations,  and  with  the  main  facts  of  physiological  op- 
tics, better  than  the  hypothesis  that  masses  of  the  retinal  ele- 
ments are  set  in  vibration,  rather  than  their  molecules  ?" 

It  requires  no  argument,  it  is  evident,  that  the  stateraenls 
made  by  Young  in  the  foregoing  paper,  concerning  his  color 
hypothesis,  were  entirely  hypothetical,  not  having  been  based 
on  any  observation  or  experiment  either  of  his  own  orof  others. 

The  next  publication  by  Young  on  his  theory  of  color  takes 
placeinthefollowing  year,  and  is  contained  in  the  following  short 
paragraph,  incidentally  written  toward  the  conclusion  of  a 
paper  read  by  him  before  the  Royal  Society,  on  July  1,  1802. 
and  entitled  "An  account  of  some  cases  of  the  production  of 
colours,  not  hitherto  described." 

"  In  consequence  of  Dr.  Wollaston's  correction  of  the  de- 
scription of  the  prismatic  spectrum,  compared  with  tliese  obser- 
vations, it  becomes  necessary  to  modify  the  supposition  that  I 
advanced  in  the  last  Bakerian  lecture,  respecting  the  propor- 
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tions  of  the  sympathetic  fibers  of  the  retina ;  substituting  red, 
green,  and  violet,  for  red,  yellow,  and  blue,  and  the  numbers  7, 
6,  and  5,  for  8,  7,  and  6." 

It  thus  appears  that  Young  changed  his  three  elementary 
color-sensations  from  red.  yellow,  and  blue,  to  red^  green^  and 
violet^  "  in  consequence  of  Dr.  Wollaston's  correction  of  the 
description  of  the  prismatic  spectrum."  In  order  to  under- 
stand fully  the  ground  for  this  modification  of  his  hypothesis 
one  will  be  obliged  to  read  the  following  abstract  from  Dr. 
WoUaston's  paper,  published  in  "The  Transactions  of  the 
Royal  Society  "  for  1802 ;  and  we  are  pleased  to  detain  the 
reader  with  this  paper  because  it  contains  the  first  publication 
of  the  observation  of  those  dark  lines  to  which  modem  spec- 
troscopic research  has  given  such  important  and  prominent  sig- 
nificance. 

"  I  cannot  conclude  these  observations  on  dispersion  with- 
out remarking  that  the  colours  into  which  a  beam  of  white  light 
is  separable  by  refraction,  appear  to  me  to  be  neither  7,  as  they 
usually  are  seen  in  the  rainbDw,  nor  reducible  by  any  means 
(that  I  can  find)  to  8,  as  some  persons  have  conceived ;  but  that, 
by  employing  a  very  narrow  pencil  of  light,  four  primary  divi- 
sions of  the  prismatic  spectrum  may  be  seen,  with  a  degree  of 
distinctness  that,  I  believe,  has  not  been  described  nor  observed 
before. 

"  If  a  beam  of  daylight  be  admitted  into  a  dark  room  by  a 
crevice  jV  of  ^^  ^^^ch  broad,  and  received  by  the  eye  at  the  dis- 
tance of  10  to  12  feet  through  a^  prism  of  flint  glass,  free  from 
veins,  held  near  the  eye,  the  beam  is  seen  to  be  separated  into 
the  four  following  colours  only,  red,  yellowish  green,  blue  and 
violet ;  in  the  proportions  represented  in  fig.  2. 
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"  The  line  A  that  bounds  the  red  side  of  the  spectrum  is 
somewhat  confused,  which  seems  in  part  owing  to  want  of  power 
in  the  eye  to  converge  red  light     The  line  B,  between  red 
nd  green,  in  a  certain  position  of  the  prism,  is  perfectly  dis- 
tinct ;  so  also  are  D  and  E,  the  two  limits  of  violet     But  C^ 


the  limit  of  green  and  blue,  is  not  so  clearly  marked  as  the  rest ; 
and  there  are  also,  on  each  eide  of  tbis  limit,  other  dislioct 
dark  lines,/ and  J,  either  of  which,  in  an  imperfect  experiuieot, 
might  be  mistaken  for  the  boundary  of  these  colours. 

"The  position  of  the  prism  in  which  the  colours  are  most 
clearly  divided  is  when  the  incident  li^bt  makes  about  equal 
angles  with  two  of  its  sides.  1  then  found  thai  the  spaces  A  B, 
B  C,  C  D,  D  E,  occupied  by  them,  were  nearly  as  the  numbera 
16.23,36,  25." 

In  the  light  of  the  subaequent  careful  examinations  of  the 
spectrum  made  in  1814-15  bv  the  celebrated  optician  Fraun- 
hofer  of  Mnuieh,  we  can  ascertain  what  VVoIiaaton  really  saw. 
Wollastou,  in  short,  only  observed  imptr/ectly  the  dark  lines  of 
the  spectrum,  now  known  aa  Fraunhofer'a  lines,  but  he  imagmtd 
he  saw  a  spectrum  ao  pure,  thflt  is,  formed  bv  such  a  degree  of 
dispersion,  that  it  became  divided  into  fonr  distinct  and  sep- 
arated "primary  divisions."  He  at  once  inferred,  and  errone- 
ously, that  Newton's  analysis  of  the  sun's  light  was  false ;  tliat 
no  oranye  or  yellow  exists  in  the  spectrum,  but  between  the  red 
and  the  blue  there  exists  only  a  "yellowish  green."  Fur 
ther  on  we  shall  see  how  Young  made  a  similar  but  even  greater 
error  in  his  description  of  this  observation.  I  imagine  that 
when  Wollaston's  sharp  eye  caught  the  glimiise  of  the  divrded 
spectrum,  he  naturally  thought  he  saw  in  those  divisions  uni- 
form colors.  It  was  a  natural  mistake,  and  only  too  readily 
made,  by  reason  of  his  mind  imagining  that  the  dark  lines  were 
the  dividing  lines  of  the  pure  simple  colors  of  the  solar  spectrum. 

In  the  figure  illustrating  Wollaston's  observation,  I  have 
placed  alongside  of  his  lines  A,  B,  /,  g,  D.  and  E,  the  correspond- 
ing  Fraunbofer  letters  B,  D,  b,  F,  G,  H,  thus  giving  the  reader 
a  clear  idea  of  what  Wollaston  really  saw.  Wollaston's  line  "  B, 
between  the  red  and  the  green,"  and  which  he  says  "  in  a  cer- 
tain position  of  the  prism  is  perfectly  distinct,"  we  at  once  recog- 
nize as  the  dark  solar  line  D,  occupying  a  position  between 
the  orange  and  yellow,  and  well  know  to  be  caused  by  the  re- 
versal of  the  bright  yellow  light  of  sodium  vapor.  No  one, 
however,  could  now  say,  after  an  examination  of  the  spectrum 
as  observed  by  Wollaston,  that  the  line  D  divides  the  red  from 
the  green.  Wollaston  also  calls  his  D  and  E  lines  (the  G  and 
H  lines  of  Fraunhofer)  as  "the  two  limits  of  the  violet;"  we 
now  know  that  G  is  really  on  the  indigo  and  that  H  is  within 
the  limits  of  the  violet 

For  a  more  satisfactory  comparison  of  the  colors  of  the  solar 
spectrum  as  observed  by  Wollaston  and  Fraunhofer,  I  give  be- 
low the  following  table.  Fraunhofer'a  results  are  taken  from 
his  colored  figure  of  the  spectrum.  Both  spectra  are  from  fiint 
glass,  and  their  lengths  are  supposed  divided  mto  360  equal  parts. 
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Fraunhofer. 

Wollaston. 

Red, 

66 

67-6    Red. 

Orange, 

27 

Yellow, 

27 

Green, 

46 

82*8    Yellowish  green, 

Blue, 

48 

)29'6     Blue. 

Indigo, 

47 

Violet, 

109 

90       Violet 

360 


360 


Fraunhofer's  observations  are  irreproachable,  and  are  to  this 
day  in  high  esteem  for  their  accuracy.  They  were  made  by 
placing  the  prism  in  front  of  a  telescope,  mounted  on  a  divided 
horizontal  circle  ;  and  viewing  a  distant  slit  through  the  prism 
ind  telescope,  he  observed  spectra  aspure  as  those  given  by  mod- 
ern spectroscopes  of  low  power.  Fraunhofer  discerns  orange 
ind  yellow  and  green  where  Wollaston  only  sees  yellowish 
jreen.  Also,  Wollaston  did  not  see  all  of  the  violet,  as  we 
night  suspect  from  his  having  bounded  its  upper  limits  by 
ihe  line  H.  Fraunhofer  saw  109  parts  of  violet,  Wollaston 
^nly  90. 

The  above  discussion,  I  think,  has  clearly  shown  that  Wol- 
aston  made  a  false  interpretation  of  his  observation  in  suppos- 
ng  that  he  had  discovered  a  pure  spectrum  naturally  divided 
3y  dark  lines  into  four  simple  colors,  and  that  he  also  erred  in 
ihe  proportions  which  he  relatively  erave  to  them.  Also,  I  have 
ihown  that  Young,  in  finally  selecting  red,  green  and  violet  as 
;he  three  elementary  color-sensations,  was  not,  as  Helmholtz 
jtates,  guided  in  their  choice  "  by  the  consideration  that  the 
extreme  colors  of  the  spectrum  occupied  the  privileged  posi- 
ions,"  but  selected  those  colors  on  hearinff  of  WoUaston's  sup- 
yosed  complete  analysis  of  the  sun's  light  into  red,  greenish 
>lue  and  violet  colors,  separated  from  each  other  in  the  spec- 
;rum  by  dark  spaces. 

We  hear  no  more  from  Young  about  his  theory  of  colors 
mtil  1807,  when  he  publishedthefirst  volume  of  his  celebrated 
vork,  "  A  Course  of  Lectures  on  Natural  Philosophy  and  the 
Mechanical  Arts."*  On  page  439  et  seq.  of  this  work  Younc 
fives  a  concise  statement  of  his  views  on  the  analysis  of 
he  sensations  of  color,  and  supports  these  views  with  conclu- 
live  experiments  with  rotating  colored  discs ;  but,  strange  to 

*  "  We  have  heard  it  remarked,"  sajs  Dean  Peacock  in  his  Life  of  Young,  '*  that 
lO  writer,  on  any  branch  of  science  which  the  lectures  treat  of,  can  safely  neglect 
Q  consult  them,  so  rich  is  the  mine  of  knowledge  which  thej  contain ;  and  it  is  a 
rell-known  fact,  that  many  important  propositions  and  discoveries  have  been  more 
T  less  dearly  indicated  in  them,  which  have  only  been  recognized  or  pointed  out 
rhen  other  philosophers  discovered  them  independently,  or  announced  them  as 
beirown." 


say,  he  omita  from  this  account  of  hia  tiicory  all  mention  of  the 

Ebysiological  explanation  of  it  whicli  he  gave  in  the  Bakerian 
ecture  of  18U1.  The  following  extracts  from  the  Natural 
Philosophy  give  all  that  it  contains  on  the  theory  of  colors. 
The  italics  are  our  own. 

"  It  has  generally  been  supposed,  since  the  time  of  Newton, 
that  when  tlie  rays  of  light  are  separated  as  completely  as  pos- 
sible by  means  of  refraction,  they  exhibit  seven  varieties  of 
colour,  related  to  each  other  with  respect  to  the  extent  that  thej 
occupy,  in  ratios  nearly  analogous  to  those  of  the  ascending 
scale  of  the  minor  mode  in  music  The  observations  were, 
however,  imperfect,  and  the  analogy  waa  wholly  imaginarr. 
Dr.  Wollaston  has  determined  the  division  of  the  colored  image 
or  spectrum  in  a  much  more  accurate  manner  than  had  been 
done  before:  by  looking  through  a  prism,  at  a  narrow  line  of 
light,  be  pixxluces  a  more  effectual  separation  of  the  colorsthan 
can  be  obtained  by  the  common  method  of  throwing  the  sun's 
image  on  a  wall.  The  spectrum  formed  in  this  manner  coiitisti 
of  four  colors  only,  red,  green,  bluf  and  violet,  which  occupy  spaces 
in  the  proix>rtion  of  16,  23,  36  and  25,  respectively,  making  to- 
gether 100  for  the  whole  length  ;  the  red  being  nearly  one-sixth, 
the  green  and  the  violet  each  about  one-fourth,  aod  the  blue 
more  than  one-thii-d  of  tlio  length.  7'lie  colors  differ  scarcely  at 
all  in  quality  within  their  respective  limits,  but  they  vary  in  bright- 
ness;  the  greatest  intensity  of  light  being  in  that  part  of  the 
green  which  is  nearest  the  red.  A  narrow  line  of  yellow  is  gen- 
erally visible  at  the  limit  of  the  red  and  green,  but  ita  breadtb 
scarcely  exceeds  that  of  the  aperture  by  which  the  light  is  ad- 
mitted, and  Dr.  Wollaston  attributes  it  to  tite  mixture  of  the  red 
wiVt  Hie  green  light  There  are  also  several  dark  lines  crossiD^ 
the  spectrum  within  the  blue  portion  and  in  ita  neighborhooo, 
in  which  the  continuity  of  the  light  seems  to  be  interrupted. 
This  distribution  of  the  spectrum  Dr.  Wollaston  has  found  to 
be  the  same,  whatever  refracting  substance  may  have  been 
employed  for  its  formation  ;  and  he  attributes  the  difference, 
which  has  sometimes  been  observed  in  the  proportions,  to  acci- 
dental variations  of  the  obliquity  of  the  rays.  The  angular 
extent  of  the  spectrum  formed  by  a  prism  of  crown  glass  is 
j'f  of  the  deviation  of  the  red  rays ;  by  a  prism  of  flint  glass 
tV",    Fig.  3.« 

Fig,  3.  "  The  spectrum  produced  by  looking  through  a  prism 
at  a  narrow  line  of  light, 

*  These  flguras,  3  and  4,  kts  copied  ol  the  eiaot  aiw  of  thow  gtTen  b;  Youiig 
in  the  pistes  appended  to  his  Natural  Philoaophy.  The  deacriptioDa  wider  tba 
flgurea  are  those  given  bj  Young.  The  oolora  in  Young's  figures  w*  biT*  indi- 
csied  in  t^pe  There  are  six  other  figures  illuetratiug  Young's  aooouot,  but  w* 
hsTO  found  it  impossible  to  cooTej  in  print  olear  ideas  of  their  tintt. 
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"  In  light  produced  by  the  combustion 
of  terrestrial  substances,  the  spectrum 
is  still  more  interrupted ;  thus,  the  bluish 
light  of  the  lower  part  of  the  flame  of 
a  candle  is  separated  by  refraction  into 
five  parcels  of  various  colours ;  the  light 
of  burning  spirits,  which  appears  per- 
fectly blue,  is  chiefly  composed  of  green 
and  violet  rays :  and  the  light  of  a  can- 
dle into  which  salt  is  thrown  abounds 
with  a  pure  yelhw^  inclining  to  green,  but 
not  separable  by  refraction.  The  electric 
spark  furnishes  also  a  light  which  is  differ- 
ently  divided  in  different  circumstances. 
"  If  the  breadth  of  the  aperture  viewed  through  a  prism  is 
somewhat  increased,  the  space  occupied  by  each  variety  of  light 
in  the  spectrum  is  augmented  in  the  same  proportion,  and  each 
portion  encroaches  on  the  neighboring  colours,  and  is  mixed  with 
them ;  so  that  the  red  is  succeeded  by  orange,  yellow,  and  yel- 
lowish green,  and  the  blue  is  mixed  on  the  one  side  with  the 
green,  and  on  the  other  with  the  violet ;  and  it  is  in  this  state 
that  the  prismatic  spectrum  is  commonly  exhibited. 

Fig.  4     **  The  appearance  of  a  circular  aperture, 
moderately  large,  viewed  through  a  prisoL 
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**  Sir  Isaac  Newton  observed  that  the  effect  of  white 
light  on  the  sense  of  sight  might  be  imitated  by  a 
mixture  of  colours  taken  from  different  parts  of  the 
spectrum,  notwithstanding  the  omission  of  some  of 
tne  rays  naturally  belonging  to  white  light  Thus,  if 
we  intercept  one-half  of  each  of  the  four  principal  por- 
tions into  which  the  spectrum  is  divided,  the  remain- 
ing halves  will  still  preserve,  when  mixed  together, 
the  appearance  of  whiteness ;  so  that  it  is  probable 
that  the  different  parts  of  those  portions  of  the  spec- 
trum which  appear  of  one  colour,  have  precisely  the 
same  effect  on  the  eye.  It  is  certain  that  the  perfect  sensations 
of  yellow  and  of  blue  are  produced  respectively  by  mixtures 
of  red  and  green,  and  of  green  and  violet  light,  and  there  is 
reason  to  suspect  that  those  sensations  are  always  compounded 
of  the  separate  sensations  combined ;  at  least,  this  supposition 
simplifies  the  theory  of  colours ;  it  may,  therefore,  be  adopted 
with  advantage,  until  it  be  found  inconsistent  with  any  of  the 
phenomena ;  and  we  may  consider  white  light  as  composed  of 
a  mixture  of  red,  green  and  violet,  only,  in  the  proportion  of 
about  two  parts  red,  four  green,  and  one  violet,  with  respect 
to  the  quantity  or  intensity  of  the  sensations  produced. 


"If  we  mix  together,  in  proper  proportions,  any  substaoces 
exhibiting  these  colours  in  their  graitest  purity,  and  place  the 
mixture  in  a  light  sufficiently  strong,  we  obtain  tbe  appearance 
of  perfect  wliiteneaa ;  but  in  a  fainter  light  the  mixture  is  grev, 
or  of  that  hue  which  arises  from  a  combination  of  white  and 
black  ;  black  bodies  being  such  as  reflect  white  light,  but  in  a 
very  scanty  proportion,  For  the  same  reason,  green  and  red 
Bubatances  mixed  together  usually  make  rather  a  brown  than 
a  yellow  colour,  and  many  yellow  colours,  when  laid  on  very 
thickly,  or  mixed  with  black,  become  brown.  The  sensations 
of  vanous  kinds  of  light  may  also  be  combined  in  a  still  more 
satisfactory  manner  by  painting  the  surface  of  a  circle  with  dif- 
fei-ent  colours,  in  any  way  that  may  be  desired,  and  causing  it 
to  revolve  with  auch  rapidity,  tliat  the  whole  may  assume  the 
appearance  of  a  single  tint,  or  a  combination  of  tints  resulting 
JVom  the  mixture  of  the  colours. 

"  From  three  simple  sensations,  with  tlieir  combinations,  we 
obtain  seven  primitive  distinctions  of  colours ;  but  the  different 
proportions  in  whrch  they  may  be  combined  afford  a  variety 
of  tints  beyond  al!  calculation.  The  three  simple  sensations  be- 
ing red,  green  and  violet,  the  three  binary  combinations  are 
yellow,  consisting  of  red  and  green  :  crimson,  of  red  and  violet; 
and  Wue,  of  grfoii  ami  violet :  and  the  f^eveiith  in  order  j~  white 
light,  composed  of  all  three  united.  But  the  blue  thus  pro- 
duced, by  combining  the  whole  of  the  green  and  violet  rays,  is 
not  the  blue  of  the  spectrum,  for  four  parts  of  green  and  one  of 
violet  make  a  blue  differing  very  little  from  green;  while  the 
blue  of  the  spectrum  appears  to  contain  as  much  violet  as  green ; 
and  it  is  for  this  reason  that  red  and  blue  usually  make  a  pur- 
ple, deriving  its  hue  from  tbe  predominance  of  violet 

"  It  would  be  possible  to  exuibit  at  once  to  the  eye  the  com- 
binations of  any  three  colours  in  all  imaginable  varieties.  Two 
of  them  might  be  laid  down  on  a  revolving  surface,  in  the  form 
of  triangles  placed  in  opposite  directions,  and  the  third  on  pro- 
jections perpendicular  to  the  surface,  which,  while  the  eye  re- 
mained at  rest  in  any  one  point,  obliquely  situated,  would 
exhibit  more  or  less  of  their  painted  sides,  as  they  passed 
through  their  different  angular  positions :  and  the  only  further 
alteration  that  could  be  produced  in  any  of  the  tints  would  be 
derived  from  the  different  degrees  of  light  only.  The  same 
effect  may  also  be  exhibited  by  mixing  the  colours  in  different 
proportions,  by  means  of  the  pencil,  beginning  from  three  equi- 
distant points  as  the  centers  of  the  respective  colours." 

On  certain  portions  of  the  above  extracts,  which  I  have  itali- 
cized, I  will  venture  a  few  observations.  In  the  first  passage, 
thus  indicated,  Young  says :  "  The  spectrum  formed  in  iSw 
mantw  consists  of  fitw  eotours  only,  red,  green,  blue  and  violet" 
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Young  then  replaces  Wollaston's  "yellowish  green"  by  ^^green^^^ 
and  farther  on  he  adds,  **  The  colours  diflFer  scarcely  at  all  in 
quality  within  their  respective  limits,  but  they  vary  in  bright- 
ness ;  the  greatest  intensity  of  li^ht  being  in  that  part  of  the 
green  which  is  nearest  to  the  red,"  thus  confirming  our  view 
that  both  Young  and  Wollaston  were  of  the  opinion  that 
when  a  narrow  bright  crevice  is  observed  through  a  prism, 
that  the  spectrum  so  viewed  consists  of  only  four  colors,  red, 
CTeen,  blue  and  violet,  **difierinff  scarcely  at  all  in  quality 
^thin  their  respective  limits ;"  which  limiti  they  sapposid  nat- 
urally  existed  in  the  dark  spaces  which,  as  they  imagined, 
bounded  these  elementary  colors.  Young,  however,  somewhat 
modifies  this  opinion  in  the  next  sentence,  when  he  says:  **A 
narrow  line  of  yellow  is  generally  visible  at  the  limit  of  the  red 
and  green,  but  its  breadth  scarcely  exceeds  that  of  the  aperture 
by  which  the  light  is  admitted,  and  Dr.  Wollaston  attributes 
it  to  the  mixture  of  the  red  with  the  green  light"  It  would,  in- 
deed, appear  from  the  lastportion  of  this  sentence  that  Young 
obtained  directly  from  Wollaston  one  of  the  main  facts  on 
which  his  theory  was  founded,  namely,  that  yellow  can  be  re- 

f)roduced  by  the  mixture  of  red  and  yellow  lights.  But  Wol- 
aston,  in  his  paper  of  1802,  from  which  we  have  cited,  makes 
no  such  statement  as  to  the  composition  of  yellow  light,  and  it 
is  therefore  probable  that  Wollaston  communicated  orally  this 
view  of  the  subject  to  Young.  Every  student  of  optics  now 
knows  that  the  description,  already  given,  of  Fraunhofer's 
observation  on  the  color  composition  of  the  spectrum  is  the 
correct  one ;  yet  the  errors  of  observation  of  Wollaston  and  of 
Young  were  errors  which  led  to  a  great  discovery,  as  we  shall 
see  on  the  further  examination  of  tne  history  of  this  beautiful 
and  comprehensive  theory  of  color. 

Farther  on  in  the  Natural  Philosophy  we  read  that,  "  The  sen- 
sations of  various  kinds  of  light  may  also  be  combined  in  a  still 
more  satisfactory  manner  by  painting  the  surface  of  a  circle  with 
diflferent  colours,  in  any  way  that  may  be  desired,  and  causing  it 
to  revolve  with  such  rapidity,  that  the  whole  may  assume  the 
appearance  of  a  single  tint,  or  of  a  combination  of  tints,  result- 
ing from  the  mixture  of  the  colours."  These  experiments  were 
evidently  first  made  by  Young ;  and  are  fully  described  in  the 
text  and  perfectly  illustrated  in  the  colored  discs  in  the  plates 
of  Young's  work.  These  experiments  have  been  carefully  re- 
peated by  Helmholtz,  Maxwell  and  others,  and  of  their  general 
accuracy  there  is  no  doubt.  We  can  readily  imagine  the  delight 
with  which  Young  must  have  viewed  these  beautiful  experi- 
ments, which,  however,  together  with  other  truths  unfolded  by 
him,  were  destined  to  remain  unnoticed,  "  until  a  later  genera- 
tion,  by  slow  d^rees,  arrived  at  the  discovery  of  his  discovery.*' 


It  must  now  recur  to  tlie  reader  to  inquire,  u-hen  were  made 
these  experiments  whicli  first  confirmed  Young's  hypothesis  and 
placed  it  among  the  beat  established  truths  of  optical  science: 
and  why  it  was  that  Young  should  for  so  lung  a  time  have 
been  satisfied  with  a  hypothetical  statement  of  his  views  on  the 
color-sensatioQs,  and  should  have  deferred  to  bring  those  views 
to  the  test  of  experiment.  For  reasons  already  stated,  Young, 
in  July,  1802,  changed  his  three  elementary  color-sensations, 
red,  yellow  and  blue,  to  red,  green  and  violet  The  experi- 
ments with  the  rotating  colored  discs  were  first  published  in 
1807.  Young  printed  the  syllabus  of  his  first  course  of  lec- 
tures on  January  19th,  1802,  in  a  volume  of  250  pages.  I 
have  not  been  able  to  procure  a  copy  of  this  syllabus,  but  evi- 
dently it  does  not  contain  even  the  corrected  statement  of  bis 
theory  of  color,  for  that  was  based  on  WoUastons  observation, 
which  appeared  subsequently  to  the  syllabus,  on  June  2-llh, 
1802.  It  is  therefore  evident  that  unless  Young  made  the  ex- 
periments with  the  rotating  colored  discs  during  the;  latter  part 
of  bia  course  of  lectures,  he  must  have  made  tbem  during  the 
interval  between  his  retirement  from  the  professorship  at  the 
Boval  Institution  and  the  publication  of  his  lectures  on  Natural 
Philosophy  in  1807.  Young  delivered  his  first  lecture  before 
the  Royal  Institution  on  January  20th,  1802.  and  was  verv  busT 
with  Ins  lectiii'fs  until  -July  4th,"l80S,  when  tie  retired.  I  lliink 
that  we  may  fix  the  date  of  these  remarkable  experiments  as 
somewhere  between   1803  and  1807,  and  it  is  highly         "    " 


that  the  theory  was  never  given  to  the  public  in  a  lecture  be- 
fore the  Royal  Institution,  but  first  appeared  in  the  publication 
of  his  Lectures  on  Natural  Philosophy. 

That  Young  should  have  delayed  to  bring  to  the  teat  of  ex- 
periment a  plausible  hypothesis,  when  other  men  would  at  once 
have  appealed  to  the  instruments  in  their  laboratories,  is  ex- 
plained by  the  fact  that  Young  "  at  no  period  of  his  life  was  fond 
of  repeating  experiments  or  even  of  originating  new  ones.  He 
considered  that,  however  necessary  to  the  advancement  of  sci- 
ence, they  demanded  a  great  sacrifice  of  time ;  and  that,  when 
a  fact  was  once  established,  that  time  was  better  employed  in 
considering  the  purposes  to  which  it  might  be  applied  or  the 
principles  which  it  might  tend  to  elucidate,"  Indeed,  this 
peculiarity  receives  abundant  confirmation  from  his  own  words; 
thus,  in  the  Bakerian  Lecture,  already  so  often  referred  to,  he 
says,  "Nor  is  it  absolutely  necessary  in  this  instance  (in  s{teak' 
ing  of  the  proofs  to  be  adduced  in  support  of  the  undulatory 
theory  of  light)  to  produce  a  single  new  experiment;  for  of 
experiments  there  is  already  an  ample  store;'  and  in  a  letter 
written  in  November,  1827,  to  his  sister-inlaw,  Mrs.  Earle,  on 
the  respective  honors  given  by  Kerscbel,  in  bis  Optics,  to  Young 
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and  Fresnel,  he  says:  ''And  acute  suggestion  was  then,  and  in- 
deed always,  more  in  the  line  of  my  ambition  than  experimental 
illustration."  Young  carried  his  opinion  of  the  secondary  im- 
portance of  experiment  so  far  as  even  to  object  to  the  increase 
of  the  fund  left  by  Wollaston  to  the  Royal  Society  to  aid  ex- 
perimental inquines,  in  these  words:  **For  my  part,  it  is  my 
pride  and  pleasure,  as  far  as  I  am  able,  to  supersede  the  neces- 
sity of  experiments,  and  more  especially  of  expensive  ones." 


Art.  XXVIIL — A  redetermination  of  the  Constants  of  the  Law 
connecting  the  Pitch  of  a  ISound  wiih  the  DuraHon  of  its  Resid- 
iial  Sensation  ;  by  Alfred  M.  Maybr. 

In  my  "Researches  in  Acoustics,  Paper  No.  6,"  published  in 
this  Journal  in  October,  1874, 1  gave  the  result  of  many  exper- 
iments on  the  durations  of  the  residual  sonorous  sensations,  and 
embodied  those  determinations  in  this  law : 

in  which  D  =  the  duration  of  the  residual  sonorous  sensation 
corresponding  to  N  number  of  Wbrations  per  second. 

The  precise  determination  of  the  durations  of  the  residual 
sonorous  sensations  are  diflftcult  by  reason  of  the  complex  char- 
acter of  the  sound  perceived  when  the  vibrations  of  a  tuning 
fork  are  sent  intermittently  into  a  resonator  bv  means  of  a 
revolving  perforated  disc ;  and  the  diflScult^  of  tne  determina- 
tion is  increased  by  the  fatigue  and  deadenmg  of  the  sensitive- 
ness of  the  ear  produced  by  the  beats  which  enter  it  from  the 
resonator. 

The  important  applications  that  have  been  made  of  this  law 
in  the  physiology  of  audition,  and  in  the  elucidation  of  the 
fundamental  laws  of  musical  harmony,  have  made  me  desire  to 
have  my  determinations  reviewed  by  ears  more  highly  cultivated 
than  mine  in  the  appreciation  of  pitxsh  and  of  musical  intervals, 
and  more  skilled  in  the  direct  analysis  of  composite  sounds  into 
their  simple  component  tones.  Since  mv  publication  in  October 
last,  I  have  had  the  good  fortune  to  nave  elicited  in  Madame 
Emma  Seiler  and  in  her  son.  Dr.  Carl  Seiler,  a  profound  interest 
in  my  researches.  They  have  spent  considerable  time  in  the  re- 
determination of  the  Qurations  of  the  residual  sonorous  sensa- 
tions ;  making  use,  under  my  directions,  of  the  same  apparatus 
which  I  employed  in  niy  original  experiments.  Madame  Seiler 
assisted  Helmboltz  in  the  experiments  contained  in  his  re- 
nowned work  on  physiological  acoustics,  and  unites  to  educated 
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musical  perceptions  a  thorough  knowledge  and  appreciation  of 
all  recent  advances  in  physiological  acoustics.  I  have,  therefore, 
great  confidence  in  the  following  results,  which  I  desire  my 
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readers  to  substitiite  for  those  contained  in  the  table  given  o 
page  244  of  vol.  viii  of  this  Journal. 

From  the  above  data  the  law  given  on  page  146  becomes 
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The  adoption  of  the  taw  with  these  new  constants  requires  the 
following  corrections  to  be  applied  to  my  paper : 
Page  246,  dele  "  The  ordinate  of  MI,"  ke.,  to  end  of  paragraph. 
'■     249,  line  19  from  bottom,  for  j\  read  ,',, 
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The  corrections  under  "  5.  Quanlitative  applications  of  the  Laws 
to  the  fundamental  facU  of  Musical  Harmony,"  can  be  readily 
applied  from  the  law  as  given  above.  Suffice  it  here  to  say  that 
on  the  table  on  page  262  the  nearest  consonant  interval  in  the 
octave  of  C I  is  a  Fourth  + 1  of  a  semitone ;  while  in  the  octave 
of  C,  the  nearest  consonant  interval  of  two  simple  sounds  has 
contracted  to  only  one  tone. 

In  the  opening  part  of  this  communication  I  spoke  of  the 
difficulty  of  the  determination  of  the  residua!  sonorous  sensa- 
tions by  reason  of  the  complex  character  of  the  sounds  perceived 
when  the  vibrations  of  a  tuning  fork  are  sent  intermittently  into 
a  resonator  by  means  of  a  revolving  perforated  disc  I  will  now 
describe  the  character  of  the  successive  sensations  experienced 
when,  starting  from  rest,  we  gradually  increase  the  velocity  of 
rotation  of  the  disc  until  the  separate  beats  blend  into  a  smooth 
continuous  sensation.  Wbt^n  the  disc  is  stationary,  with  one 
of  its  openings  opposite  the  mouth  of  the  resonator,  it  is  evident 
that  the  ear  will  experience  a  simple  sonorous  seosation  when 
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L  tuning  fork  is  brought  near  the  mouth  of  the  resonator ;  on 
•evolving  the  perforated  disc,  two  additional,  or  secondary, 
;ounds  appear;  one  slightly  above,  the  other  slightly  below 
he  pitch  of  the  fork.  An  increased  velocity  of  rotation  causes 
he  two  secondary  sounds  to  diverge  yet  farther  from  the  note 
)f  the  beating  fork,  until  the  velocity  reached  is  so  great  that 
he  two  secondary  sounds  become  separated  from  each  other 
)y  a  major  sixth,  while,  at  the  same  moment,  a  resultant  sound 
ippears,  formed  by  the  union  of  the  sound  of  the  fork  with  the 
ipper  and  the  lower  of  the  secondary  sounds.  This  resultant 
s  the  second  octave  below  the  note  given  by  the  fork.  On 
urther  increasing  the  velocity  of  the  disc,  the  two  secondary 
ounds  and  the  resultant  disappear,  and  the  ear  has  alone  the 
;ensation  of  the  simple  sound  produced  by  the  beats  of  the 
ork  ;  which,  at  this  stage  of  the  experiment,  blend  into  a 
mooth  continuous  sensation.  These  successive  and  gradual 
ihanges,  as  they  happen  with  a  UT^  fork,  we  have  indicated 
n  steps  of  semi -tones  in  the  appended  musical  notation.  The 
ouna  of  the  fork  is  given  m  the  semibreve ;  the  crochets 
•ep resent  the  secondary  sounds  and  the  resultant  sound.  In 
he  fourth  bar  the  upper  ijote  E  flat  proceeds  to  D  sharp  in  the 
ifth  bar.  This  is  so  because,  in  the  natural  scale,  D  sharp  is 
ligher  in  pitch  than  E  flat 
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In  conclusion,  1  request  my  readers  to  transfer  the  comma 
rom  after  Dtssonam  to  after  cantinuirliche,  in  the  quotation 
rom  Helmholtz  at  the  beginning  of  my  paper  (vol.  viii,  p.  241). 


^RT.  XXIX. — On  the  Action  of  the  Less  Refrangible  Rays  of 
Light  on  Silver  Iodide  and  Bromide;  by  M.  Carey  Lea, 
Philadelphia. 

It  will  be  the  object  of  the  present  investigation  to  show : 

1st.  That  silver  iodide  and  bromide  are  sensitive  to  all  the 
colored  rays  of  the  spectrum. 

2d.  That  silver  ioaide  is  to  all  the  less  refrangible  rays  more 
sensitive  than  silver  bromida 

8d.  That  the  theory  of  M.  E.  Becquerel  as  to  existence  of 
*  exciting  rays  "  and  **  continuing  rays  "  is  not  supported  hy  a 
careful  examination  of  the  phenomena  in  question. 

The  first  of  these  positions  differs  from  those  generally  ac- 
cepted in  extending  &rther  to  the  less  refrangible  end  ol  \\i^ 


spectrum  the  seasitiveaesa  of  both  the  compounds  in  qaeetion, 
especially  of  pilver  iodide. 

The  second  of  these  positions,  timt  in  reference  to  the  com- 
parative sensitiveness  of  Agl  and  AgBr,  differs  easentially  from 
the  views  hitherto  accepted,  according  to  whii^h  AgBr  has  been 
held  to  be  by  far  the  more  sensitive  to  the  less  refrangible  rays. 
I  shall  endeavor  to  show  that  the  contrary  is  the  case. 

In  these  investigations  I  have  confined  myself  to  studying 
the  effects  obtained  upon  the  silver  compounds  as  formed  in  the 
body  of  pure  paper,  applying  in  all  coses  the  silver  solntion 
after  that  o(  the  alkaline  naloid,  and  immediately  washing  out 
the  excess  of  silver  nitrate. 

The  colored  light  was  separated  by  means  of  colored  glasses. 
Without  wishing  to  detract  from  the  value  of  observations  made 
with  the  prismatic  spectrum,  I  am  inclined  to  believe  that  those 
obtained  with  colored  glasses,  whose  absorption  spectra  have 
been  carefully  and  exactly  made  out  with  the  aid  of  spectroscopic 
analysis,  are  at  least  equally  reliable,  and  in  some  eases,  certainly 
more  decisive;  It  is  also  to  be  remarked  that  prismatic  solar  spec- 
tra, as  usually  obtained,  are  open  to  the  suspicion  of  not  being 
absolutely  pure,  but  liable  to  admixture  of  rays  coming  fmm 
light  fallimr  upon  the  prism  outside  of  the  true  image  of  the  slit, 
by  rciisou  of  diftVaotinn,  nnd  :iU>  p.->sil.ly  from  otlit-r  sources.  A 
very  careful  prismatdi;  analysis  of  the  spectrum  itself  would  be 
necessary  to  detect  the  presence  of  faint  violet  light  cast  by  any 
auch  means  on  the  red  end  of  the  spectrum.  With  colored 
glass,  on  the  contrary,  the  detection  of  any  auch  admixed  color 
may  be  accomplished  by  a  simple  inspection  of  its  absorption 
spectrum-  If  it  be  suspected,  for  example,  that  a  given  piece 
of  red  glass,  or  any  number  of  pieces,  permit  the  passage  of  a 
trace  of  violet  light,  the  spectroscope  gives  us  at  once  a  decisive 
answer,  because  we  can  project  any  such  violet  light  that  may 
be  present  against  an  absolutely  dark  field  of  view,  and  decide 
positively  on  its  presence  or  absence.  Another  serious  diffi- 
culty with  the  spectrum  arises  from  the  very  long  exposure 
which  is  necessary  to  make  apparent  the  effect  of  the  less  re- 
frangible rays,  and  which  long  exposure  can  be  less  advantage- 
ously managed  with  the-solar  spectrum  than  with  colored  gla.^ 

Still  another  advanti^e  in  tne  use  of  colored  glass  is  that 
the  pieces  used  can  be  of  any  desired  size,  so  that  one  can 
operate  over  a  lai^e  space  and  can  simultaneously  expose  sev- 
eral preparations  to  identical  influences,  and  thus  obtain  a  more 
accurate  comparison  than  is  possible  with  the  successive  ex- 
posures necessary  with  the  solar  spectrum.  By  interposing  a 
suitable  glaws  negative  between  the  colored  glasses  and  the  pa- 
per, the  effects  of  the  exposure  are  rendered  much  more  marked: 
the  distinctness  of  the  reproduction  of  the  image  of  the  n^- 
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* 
tive  serves  in  each  case  as  a  measure  of  the  degree  of  sensitive- 
ness. This  has  a  particular  importance  when  a  development 
process  is  used,  because  even  with  the  utmost  care,  there  will 
sometimes  be  a  discoloration  arising  from  the  action  of  the 
development  bath.  And  if  the  arrangements  are  such  that  the 
action  of  light  produces  a  flat  tint  only,  it  may  easily  become 
impossible  to  distinguish  between  the  effects  due  to  the  devel- 
opment of  an  impression  of  light  and  those  depending  upon  a 
spontaneous  deposit  from  the  bath  ;  moreover,  this  spontaneous 
deposit  is  most  apt  to  occur,  in  the  case  of  a  very  weak  impres- 
sion, exactly  where  it  is  most  able  to  induce  error.  The  em- 
Eloyment  of  a  negative  avoids  this  difficulty,  and  if  its  image 
as  a  great  variety  of  tones,  the  observer  is  able  to  measure 
very  closely  the  relative  extent  to  which  it  is  reproduced  on 
the  sensitive  surface. 

Direct  or  Developed  Images, — A  certain  amount  of  ambiguity 
has  been  introduced  into  what  has  been  published  on  the  sub- 
ject of  the  sensitiveness  of  silver  salts,  by  not  distinguishing?  in 
all  cases  whether  the  sensitiveness  spoken  of  relates  to  images 
which  appear  during  the  exposure,  or  are  subsequently  evoked 
by  development  The  capacity  to  form  developable  images  is 
in  all  cases  the  true  test  of  sensitiveness :  any  other  criterion 
would  lead  to  most  eiToneous  conclusions.  In  this  paper  it  will 
always  be  understood,  except  when  otherwise  mentioned,  that 
the  sensitiveness  referred  to  is  that  which  is  exhibited  under  a 
development  by  means  of  gallic  acid  and  silver  nitrate,  con- 
trolled by  acetic  acid. 

The  papers  used  were  first  floated  on  weak  solutions  of  po- 
tassium iodide  and  bromide  respectively,  using  them  in  equiva- 
lent proportions,  so  that  each  might  take  up  an  equal  quantity 
of  silver  from  the  silver  bath.  This  last  was  always  made  of 
the  same  strength,  viz :  30  grains  to  the  ounce,  and  a  fresh  so- 
lution was  used  for  every  piece,  because,  as  silver  iodide  and 
bromide  are  soluble  in  solutions  of  silver  nitrate,  there  might 
otherwise  result  a  transfer  and  the  formation  of  appreciable 
quantities  of  silver  iodobromide,  the  reactions  of  wnich  sub- 
stance are  different,  and  so  energetic  that  the  presence  of  the 
least  trace  would  destroy  all  value  in  the  results  obtained.  For 
the  same  reason  the  potassium  salts  employed  must  be  pure. 
Therefore  the  KI  and  KBr,  which  were  exclusively  used,  were 
submitted  to  careful  examination  at  the  outset  The  results 
subsequently  obtained  as  to  sensitiveness  of  Agl  were  so 
different  from  what  has  hitherto  found  acceptance,  that  it  was 
deemed  advisable  at  the  close  to  submit  the  KI  to  a  second 
rigorous  examination  for  bromine.  This  examination  fully 
confirmed  the  first  conclusions  as  to  the  absolute  purity  of  the 
specimen  used. 
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The  papers  were  next  blotter!  off  in  clean  filtering  paper 
(because  if  hung  up  t^j  dry,  the  lower  end  becomes  more  richly 
charged  than  the  upper),  and  after  complete  removal  of  the  sur- 
face moisture  were  floated  oh  the  silver  nitrate  solution.  Tbev 
were  next  thrown  into  a  large  vessel  of  water,  washed  witli 
running  Wiiter  and  dried.  In  a  few  cases  specially  mentiooed, 
the  silver  solution  was  allowed  to  dry  on  the  paper  for  compar- 
ative esperiraeni. 

Reti  Rayb. 

Mcaminalion  of  tite  Olass. — The  ruby  glass  of  commerce  dif- 
fers very  much  in  different  apecimena ;  some  pieces,  tfaoagh 
appearing  to  the  eye  to  be  of  a  stroQg,  pure  red,  nevertheless 
transmit  a  good  deal  of  green  light,  and  show  in  the  spectro- 
scope a  strong  green  band.  Other  pieces  are  of  a  much  purei 
color,  but  I  have  never  met  with  any,  even  the  darkest,  whit-h 
did  not,  with  a  critical  examination,  show  in  their  absorp- 
tion spectrum  traces  of  the  more  refrangible  rays.  The  band 
which  represeuts  the  proper  color  extends  from  very  near  the 
extreme  red  end  to  a  point  a  little  bevond  the  double  sodium 
line  D. 

When  two  such  pieces  are  superposed,  the  trace  of  more 
refrangible  !igl>t  i?  .-xoludeil.  The  [mipcr  haix!  of  uolor  is  iilw 
shortened  at  its  more  refrangible  end,  and  recedes  to  the  other 
side  of  D,  Two  pieces,  a  dark  red  and  a  medium  red,  gave  as 
their  limit  a  wave-length  \  59i  Two  dark  pieces,  superposed, 
had  a  limit  of  A  600.  A  large  number  of  experiments  were 
made  with  the  combination  last  mentioned  But.  as  it  was  my 
desire  to  make  these  investigations,  as  far  as  possible,  absolutely 
correct,  all  my  results  were  revised,  and  confirmed  by  final 
trials  with  light  filtered  through  three  thicknesses  of  ruby  glass. 
These  showed  as  the  limiting  wave-length  of  their  absorption 
spectrum,  A  605,  a  limit  which  totally  excludes  the  yellow,  ami 
represents  the  red  rays  with  at  most  a  slight  admixture  of 
orange,  as  the  light  at  and  near  this  limit  of  A  605  was  extremely 
feeble,  and  the  whole  strength  of  the  band  found  its  place  he- 
yond.  The  measures  here  given  were  repeated  a  number  of 
times  on  different  days,  with  concurrent  results. 

Result — y^\\\\  two  red  plates,  having  a  limit  of  A  594,  a  strong. 
direct  image  was  obtained  upon  the  iodide  paper  by  an  exposure 
of  15  minutes  to  bright  sunshine.  The  bromide  paper,  exposed 
under  the  same  glasses  and  negative,  simultaneously,  showed 
nothing.  By  a  very  long  development,  exceedingly  fainttraces 
of  an  image  were  rendered  visible.  The  contrast  between 
these  two  was  very  striking. 

With  Ixoo  stronger  red  plates,  having  a  limit  of  A  600,  and  of 
course  a  diminished  illumination,  no  trace  of  an  image  by  devei- 
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opment  could  be  -obtained  on  the  silver  bromide  paper,  after 
exposures  of  various  lengths  up  to  an  hour  and  a  hali  of  bril- 
liant sunshine  (from  12.15  to  1.46  P.  M.,  Jan.  80,  1876,  bright 
sunshine  on  snow). 

On  the  contrary,  silver  iodide  gave,  after  20'  exposure,  a  de- 
veloped imjige  showing  some  detail,  and  with  40  exposure,  a 
faint,  direct  image,  visible  without  development 

With  three  red  plates^  having  a  limiting  wave-length  A  606, 
there  was  necessarily  a  further  great  diminution  of  illumination. 
Nevertheless,  silver  iodide  gave,  with  80  minutes*  exposure 
(middle  of  the  day,  bright  sunshine  on  snow,  Feb.  1,  1876),  a 
faint,  and  with  four  hours'  exposure,  a  full  image.  Feb.  2d, 
three  hours*  exposure  gave  an  image  showing  considerable  de- 
tail. Feb.  6th,  same  result  These  were  of  course  all  devel- 
oped images. 

The  corresponding  bromide  papers,  receiving  identical  ex- 
posures under  the  same  glasses,  side  by  side  with  the  iodide, 
absolutely  failed  to  develop  anything.  These  developments 
were  prolonged  for  several  hours,  in  order  that  the  faintest 
traces,  if  present,  might  render  themselves  visible.  But  in  no 
case  did  silver  bromide,  when  exposed  under  the  three  red 
glasses,  show  the  faintest  trace  of  any  image,  even  with  a  four 
hours*  exposure.  That  silver  bromide  is  not  wholly  destitute 
of  sensibility  to  red  rays,  was  shown  by  the  previous  experi- 
ments ;  but  this  sensibility  is  small,  and  when  the  red  lignt  is 
not  only  ver^  pure,  but  very  faint,  it  may  be  exerted  for  a  very 
long  time  without  result  Still,  I  believe  that  with  a  day's  ex- 
posure under  a  strong  summer  sun,  an  impression  capable  of 
development  could  be  produced.  On  the  other  hand,  in  no 
case,  even  with  exposure  as  short  as  half  an  hour  to  a  winter 
sun,  did  silver  iodide  fail  to  give  an  image,  under  these  three 
ruby  glasses,  whose  faintest  light  terminated  at  A  606.  It  ap- 
pears, therefore,  certain  that  both  silver  iodide  and  silver  bromiae 
repared  on  paper,  with  excess  of  silver  nitrate  removed,  are 
istinctly  sensitive  to  red  light,  and  that  silver  iodide  is,  under 
these  conditions,  at  least  ten  times  as  sensitive  as  silver  bromide. 

Yellow  Rats. 

It  is  by  far  more  difficult  to  isolate  jellow  rays  than  either 
red  or  green,  because  almost  all  media  that  transmit  yellow 
rays  also  transmit  red,  and  many  also  transmit  green.  The 
yellow  glass  that  is  found  in  commerce  lets  through  the  whole 
spectrum,  except  the  extreme  violet  end,  and  for  a  time  I 
thought  that  the  isolation  of  the  yellow  rays  by  colored  glass 
would  be  impracticable.  I  finally  succeeded  very  well  by 
combining  a  oeep  brown  glass  with  a  dark  green.  The  brown 
glass  transmitted  the  yellow  and  red,  absorbing  the  rest,  and 
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tlie  dark  green  admitted  principally  green  and  yellow,  cuttiDg 
off  the  orange  and  red. 

A  spectroscopic  analysis  gave  the  following  results ; 
Extreme  limit  of  wave-length  at  legs  refrangible  end  of  the 

spectrum, -_- _.  A 638 

At  more  refrangible  end, -.  i52T 

Point  of  maximum  illumination, _ A  570 

The  limits  here  given  are  extreme  limits  at  which  the  absorp- 
tion spectrum  ended.  It  was  estimated  that  al  least  nineieen- 
twentieths  of  the  illumination  was  pure  yellow,  with  perhaps  a 
very   faint  admixture  of  orange,  and  of  the  less  refrangible 

Sreen  rays,  bordering  on  the  yellow  (any  close  observntiou  of 
le  spectrum  will  ahow  how  little  pure  yellow  light  it  contains). 
Re^uU. — Silver  iodide  showed  itaeli  also  more  sensitive  to 
vellow  hgbt  than  silver  bromide,  hut  the  difference  was  greatly 
less  than  in  the  case  of  red  light,  and  the  i-esulta  were  more 
variable.  Feb,  4,  1875,  with  exposure  to  bright  sunlight  from 
12  M.  to  3  P.  M.,  distinct  images  were  got  by  development  on 
silver  iodide,  whilst  with  four  trials  of  equal  length  on  bromide 
paper,  nothing  was  got.  On  the  following  day,  with  an  expo- 
sure of  about  equal  length,  but  before  midday,  well  marked 
images  were  obtained  on  silver  bromide.  Those  obfiined  al 
thejsame  time  on  silver  iodide,  exposed  side  by  aide,  developed 
to  an  equal  strength  in  one-third  tne  time. 

I  conclude,  therefore,  that  silver  iodide  and  bromide  are  both 
sensitive  to  yellow  light,  and  the  iodide  more  so  than  the 
bromide. 

Grken  Rats. 
Much  of  the  green  glass  found  in  commerce  admits  nearly 
the  whole  spectrum  except  the  red  rays.  There  exists,  however, 
a  very  dark  shade  of  green,  which  narrows  the  transmitted  band 
very  much.  When  two  such  pieces  of  dark  green  were  super- 
posed, their  absorption  spectrum  was  as  follows : 

Extreme  limit  toward  red  end, A  601 

Extreme  limit  toward  blue  end, X  488 

This  last  limit  corresponds  very  nearly  with  the  solar  line  F, 
whose  wave-length  is  486,  and  woich  approximately  separates 
the  green  from  the  less  refrangible  blue.  For  exact  experi- 
ments, however,  a  narrower  band  is  desirable.  Accordingly, 
three  plates  were  superposed.  This  involved  such  a  reduction 
of  illumination  that  the  sun  could  be  viewed  through  the  glass 
without  inconvenience.  This  combination  gave  the  following 
measurement : 

Extreme  limit  toward  red  end, X581 

Extreme  limit  toward  blue  end, X  497 
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Near  these  limits  the  light  was  extremely  faint  To  ascertain 
bhe  rays  of  really  eifective  strength  transmitted  by  this  com- 
bination of  plates,  another  measurement  was  taken,  resulting  as 
Follows : 

Effective  limit  toward  red  end, X669 

Effective  limit  toward  blue  end, A617 

The  portions  of  the  band  which  lay  between  X  569  and  A  681 
3n  the  one  side,  and  A  497  and  A  617  on  the  other,  were  so  ex- 
tremely faint  as  to  have  no  appreciable  agency  in  affecting  the 
result 

It  will  be  observed  that  even  the  limit  of  the  faintest  rays 
ioes  not  extend  as  far  as  the  solar  line  F  ;  the  blue  is  therefore 
absolutely  excluded.  Toward  the  yellow  side,  even  the  faint- 
est rays  do  not  extend  so  far  as  the  sodium  double  line  D  and 
the  enective  rays  terminated  at  A  669.  The  yellow  is  therefore 
virtually  excluded. 

Result — With  two  dark  green  glasses  (A  488-601).  A  pow- 
erful image  was  developed  on  silver  iodide  after  three  minutes* 
3xposura  On  silver  bromide  the  same  exposure  gave  feint 
:;races  of  an  image  only.  The  exposure  of  an  hour  and  a  half 
failed  to  produce  on  silver  bromiae  as  strong  an  impression  as 
iid  the  three  minutes  on  the  iodida 

An  exposure  of  forty  minutes  gave  on  silver  iodide  a  plain, 
iirect  image.  With  nmety  minutes,  no  direct  image  was  pro- 
iuced  on  silver  bromide.  Other  exposures  and  degrees  of  ex- 
posure gave  concurrent  results. 

With  three  dark  green  glasses  (extreme  limit  A  497-681, 
effective  A  617-669).  Silver  iodide  gave  the  following  results : 
Two  and  a  half  minutes,  faint  image  developed.  Six  minutes, 
iistinct;  fifteen  minutes,  strong;  thirty,  very  full  exposure; 
ihree  hours  and  a  half,  completely  overaone. 

Silver  bromide :  two  and  a  hal^  and  six  minutes,  nothing ; 
ifteen,  feint  trace ;  thirty,  a  little  stronger ;  three  and  a  half 
lours,  moderately  strong. 

Comparing  the  above  :  AgBr  with  fifteen  minutes  about  the 
lame  as  Agl  with  two  and  a  half;  AgBr  with  thirty  minutes 
lot  quite  so  strong  as  Agl  with  six  :  AgBr  with  three  and  a 
lalf  hours  much  the  same  as  Agl  with  fifteen  minutes,  if  any- 
;hing  less  strong.     Other  trials  gave  conformable  results 

The  conclusion  seems,  therefore,  irresistible  that  Agl  and 
A.gBr  both  are  sensitive  to  pure  red,  yellow  and  green  rays  ; 
md  that  Agl,  at  least  under  the  conditions  of  these  experi- 
nents,  show  to  yellow  rays  a  slightly  superior,  and  to  green  and 
•ed  rays  a  markedly  superior  sensitiveness. 

Agl  and  AgBr  together, — Although  the  scope  of  this  investiga- 
ion  was  directed  to  the  action  of  pure  Agl  and  pure  Ag^Bt^^i^^ 
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experimenta  were  made  on  the  two  used  together.  They  were 
used  in  equivalent  proportiona  and  in  such  quantitj  that  the 
paper  containing  the  two  salts  together  should  take  up  exactly 
as  much  silver  as  the  papers  prepared  with  AgBr  and  Agl  sep- 
arately. The  result  demonstrated  a  materially  greater  sensitive- 
ness to  both  red  and  green  light  than  with  either  used  sepa- 
rately. The  experiment  was  not  extended  to  the  yellow,  oat 
it  would  doubtless  have  given  similar  results,  as  also  the  more 
refrangible  rays  of  the  spectrum. 

[It  may  be  worth  mentioning,  in  passing,  that  the  result  of 
this  part  ol'  the  investigation  led  to  the  making  of  a  series  of 
experiments  on  the  introduction  of  silver  iodide  into  tbe 
"emulsion  process"  for  preparing  photographic  dry  plates. 
The  result  was  that  when  either  equal  or  equivalent  quantitiea 
of  AgBr  and  Agl  were  employed,  nothing  material  was  gained, 
but  when  the  quantity  of  Agl  was  much  reduced,  and  espe- 
cially when  AgCl  was  added,  plates  were  obtained  posaessinga 
degree  of  sensitiveness  much  beyond  anything  heretofore  at- 
taini'd  by  any  collodion  method,  either  wet  or  dry.  A  fully 
exposed  image  was  obtained  by  an  exposure  under  a  negative 
to  a  gas  flame  for  one  second.  The  details  necessary  to  the 
production  of  this  result  have  been  communicated  to  tbe 
Photographic  Society  of  Pliiladelphia.] 

iSens'tivenuss  to  White  Light. — Although  tbis  investigation  was 
directed  to  the  action  of  certain  colored  rays,  a  few  experiments 
were  included  upon  the  comparative  action  of  white  light  on 
Agl  and  AgBr.  There  was  found  a  moderate  superiority  of  sen- 
sitiveness in  Agl,  though  much  less  marked  than  in  the  case  of 
the  red  and  green  rays.  Exposure  under  a  negative  for  three 
seconds  to  a  weak  diffused  light  sufficed  to  produce  a  strong 
latent  image  on  both  the  Agl  and  AgBr  papers,  but  most  strong 
upon  Agl. 

Influence  of  Free  Silver  Nitrate. — The  presence  of  free  silver 
nitrate  in  a  film  of  AgBr  considerably  increased  the  capacity  to 
receive  a  latent  image,  but  its  agency  in  producing  a  direct 
image  was  still  more  marked.  Thus  an  exposure  of  ninety 
minutes  under  two  green  glasses  (limits  A 488-601)  failed  to 
produce  any  visible  image  on  washed  AgBr,  whereas  when  the 
paper  contained  free  silver  nitrate,  a  plainly  visible  direct  image 
was  obtained  in  forty  minutes. 

As  respects  silver  iodide,  my  opinions  have  always  differed 
from  those  which  have  prevailed  among  photo  -  chemists. 
Many  years  ngo  1  proved  the  opinion  that  silver  iodide,  abso- 
lutely isolate*!,  was  insensitive  to  light  to  be  erroneous.  I  cov- 
ered glass  plates  {preferably  ground  glass,  for  better  adhesion) 
with  thin  specular  films  of  silver,  and  then  iodized  these  through 
and  through  by  means  of  a  solution  of  iodine,  and  aaoceeded 
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without  difficulty  in    developing   images   received   on   such 
filma 

The  opinion  also  that  silver  iodide,  in  the  absence  of  free 
silver  nitrate,  is  comparatively  insensitive,  receives  its  disproof 
from  the  foregoii^  mvestigation,  which  decisively  shows  that 
washed  films  of  silver  iodide  possess  a  high  degree  of  sensitive- 
ness to  white  light,  and  some  sensitiveness  to  the  less  refrangi- 
ble rays :  in  either  case  a  higher  degree  than  silver  bromide. 

EzcmNG  AND  Continuing  Rays. 

More  than  thirty  years  ago,  M.  E.  Becquerel  published  his 
well-known  theory  of  the  existence  of  two  classes  of  rays,  the 
"exciting"  and  the  '* continuing "  rays.  According  to  it,  the 
more  refrangible  rays  had  alone  the  power  of  originating  an 
impression ;  the  less  refrangible  were  powerless  to  commence, 
but  capable  of  continuing  and  re-inforcing  an  impression  which 
had  been  commenced  by  the  more  refrangible  rays.  This  view 
is  still  maintained  by  M.  Becquerel  in  his  comprehensive  work 
•'  La  Lumiftre,"  published  a  few  years  since,  and  is  adopted  by 
Jamin,  Ganot  and  others  in  their  treatises  on  physics,  though  the 
acceptance  has  been  far  from  universal. 

The  foregoing  results  are  evidently  quite  incompatible  with 
this  theory,  for  they  prove  the  existence  in  the  less  refrangible 
rays  of  the  power  to  impress  both  silver  iodide  and  bromide.  In 
only  one  way  could  this  testimony  be  set  aside,  namelj',  by  the 
allegation  that  these  papers  might  have  received,  in  the  course 
of  their  preparation,  some  chance  eflfect  of  light  sufficient  to 
lay  the  foundation  of  an  impression,  and  that  this  was  after- 
ward continued  only,  not  originated,  by  the  colored  light  to 
which  the  papers  were  subsequently  exposed. 

It  would  seem  to  be  a  sufficient  answer,  that  all  due  care  was 
taken  to  avoid  this  danger,  and,  as  the  experiments  themselves 
showed,  successfully.  Such  an  uncertainty  might  exist  with 
experiments  made  with  the  spectrum,  but  not  where,  as  in  these 
investigations,  a  negative  is  mterposed.  For,  according  to  Mr. 
Becquerel,  the  preliminary  impression  of  light  which  is  neces- 
sary in  order  to  enable  the  less  refrangible  rays  subsequently  to 
exert  their  continuing  power  on  AgBr,  Agl  or  AgCI  lormed  on 
paper,  is  that  which  would  enable  them  to  receive  a  develop- 
ment by  gallic  acid,  etc.  When  this  impression  has  been  re- 
ceived the  less  refrangible  rays  can  continue  this  commencement, 
sind  this  result  may  be  obtained  either  with  the  spectrum,  or 
with  colored  glass.^ 

But  as  in  my  experiments  the  latent  images  were  always  de- 
ireloped  with  gallic  acid,  it  follows  that,  had  the  images  evoked 

*  La  Lumi^,  yol.  ii  p  t6. 
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been  due  to  &  continuing  power  of  the  (wlored  iight  upon  an 
original  impression  caused  by  light  accidentally  admitted  dar- 
ing the  preparntion,  then  the  papers  must  have  darkened  all 
over  by  the  agency  of  gallic  acid,  instead  of  developing  ao 
image.  So  that  the  system  of  experiment  adopted  was  in  itself 
inciut-ntally  a  precaution  againat  any  such  source  of  error. 

Nevertheless,  wishing  to  obtain  a  result  that  would  be  en- 
tirely decisive,  paper  was  prepared  for  this  special  purpose  un- 
der conditions  of  exceptional  care.  It  was  prepared  at  night, 
using  light,  not  only  most  carefully  guarded  by  colored  glass, 
but  as  little  of  it  as  was  possible  to  manipulate  by.  Even  this 
faint  light  was  carefully  excluded  from  the  preparations  The 
paper  was  covered  whilst  being  sensitized  on  the  silver  bath  and 
was  then  washed  with  special  precaution  and  dried  in  absolula 
darkness.  As  soon  as  dry  it  was  placed  in  the  frames  and  under 
the  glasses  under  which  it  was  to  be  exposed  next  day.  The 
precautions  taken  enable  me  to  say  that  most  certainly  the  pa- 
per receivetl  in  its  preparation  no  effect  of  light  capable  of 
mlluencing  a  development  in  any  way.  Its  action  proved  » 
be  precisely  the  same  as  that  of  the  paper  prepared  in  my  usual 
way,  thus  demonstrating  that  all  the  rays  of  the  spectrum  pos- 
sess the  power  of  originating  an  impression  on  silver  iodide  and 
bromide. 

In  the  foregoing  pages,  I  have  briefly  given  the  result  of  one 
hundred  and  sixty  experiments  The  results,  with  such  slight 
and  altogether  unimportant  variations  as  necessarily  arise  from 
slight  differences  of  preparation  and  differences  in  the  charac- 
ter of  the  sun's  light,  were  remarkably  concordant,  and  may  be 
summed  up  as  follows: 

1.  AgBr  and  Agl  are  sensitive  to  all  the  visible  rays  of 
the  spectrum. 

2.  Agl  is  more  sensitive  than  AgBr  to  all  the  less  refran- 
gible rays  and  also  to  white  light 

3.  The  sensitiveness  of  AgBr  to  the  green  rays  was  mateii- 
ally  increased  by  the  presence  of  free  silver  nitrate. 

4.  AgBr  and  Agl  together  are  more  sensitive  to  both  the 
green  and  the  red  rays  (and  probably  to  all  rays)  than  either 
Agl  or  AgBr  separately. 

5.  There  do  not  exist  any  rays  with  a  special  exciting  or  a 
special  continuing  power,  but  all  the  colored  rays  are  capable 
both  of  commencing  and  continuing  the  impression  on  silver 
io<lide  and  bromide. 

Philadelphia,  Mnrch  6,  1B76. 
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Art.  XXX. — On  the  Silurian  age  of  the  Southern  Appalachians  ; 

by  Frank  EL  Bradley. 

1.   Introduction. 

Emmons,  in  his  American  Geology,  refers  most  of  the  rocks 
along  the  western  line  of  North  Carolina  *  to  his  Tacoi^ic  sys- 
tem, and  says  (vol.  i,  pt  2,  p.  24)  that  "  the  locality  at  the 
Warm  Springs  [Madison  County,  N.  C]  is  a  good  exhibition  of 
the  development  of  the  Lower  Taconic  rocks  in  the  Southern 
States;"  but  he  also  states  (p.  25)  that,  in  Cherokee  County 
[near  Murphy],  the  system  is  separated  [divided]  a  few  miles, 
by  the  interposition  of  a  ridge  of  primary  schists  with  staurolite. 

Safford,  in  his  Geology  of  Tennessee,  1869  (pp.  177-8),  says,  of 
the  metamorphic  rocks  of  the  eastern  border  of  that  State  :  **A 
portion  of  the  beds  are  certainly  referable  to  the  Ocoee  group  : 
the  remainder,  although  conformable,  may  be  older,  and  most 
likely  are.  *  *  The  question  of  the  greater  age  of  [these] 
other  parts  is  not  so  easily  settled,  and  must  remain  open  for 
the  present  I  know  of  no  suflBcient  reason  for  referring  any  of 
these  rocks  to  the  Huronian  or  Laurentian  series  of  Canada." 
Again  (p.  193) :  After  the  Ocoee,  the  Chilhowee  sandstones  re- 
appear and  continue  up  the  [^French  Broad]  river  to  the  State 
line.  *  *  Iti  North  Carolina,  a  short  distance  beyond  the 
line,  the  Ocoee  group  sets  in  again,  and  is  the  formation  to 
within  a  mile  df  the  Warm  Springs.  Then  follows  a  Knox  belt 
The  Springs  are  located  on  the  Knox  dolomyte.  *  *  Be- 
yond the  Springs  follow  Chilhowee  sandstones,  then  Ocoee 
rocks,  and  finally  gneiss."  The  Knox  group,  here  referred  to, 
includes  the  Quebec  group  and  the  Calciierous :  the  Chilhowee 
sandstone  is  the  typical  Potsdam ;  and  the  Ocoee  is  the  Lower 
Potsdam  or  Acadian  group. 

Professor  Kerr  has  just  issued  a  new  geological  map  of  North 
Carolina,  which  shows  a  strip  of  "  Huronian"  along  tne  western 
line  of  the  State,  apparently  covering  the  whole  area  there 
assigned  by  Emmons  to  the  Taconic,  even  including  the  Warm 
Springs  region.    As  the  text  of  his  report  has  not  yet  appeared, 

*  Since  taking  residence  in  Knoxville,  in  1869,  the  writer  has  had  his  attention 
particularly  drawn  to  the  local  features  of  the  Lower  Silurian  rocks  of  East  Ten- 
nessee and  of  the  metamorphic  strata  which  occupy  the  adjoining  portions  of  North 
Carolina  and  Georgia.  Most  of  the  data  given  in  this  paper  have  been  gathered 
incidentally,  in  connection  with  trips  for  the  examination  of  mining  properties ; 
though,  the  clew  to  the  Blue  Ridge  puzzle  having  thus  been  secured,  a  final  trip 
was  made  solely  for  the  purpose  of  completing  its  solution.  Thus  much  to  ex- 
plain what  some  will  regard  as  a  trespass  upon  the  preserves  of  the  State  geolo- 
gists of  North  Carolina  and  Gteorgia,  though  neither  of  these  officers  has  yet  been 
able  to  make  other  than  verv  has^  visits  to  the  region  in  question.  Without  an 
opportunity  of  examining  all  the  literature  of  the  subject,  reto^nce  can  be  made 
only  to  the  works  of  EoamoDS,  Safford  and  Kerr. 
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we  cannot  fairly  criticize  his  uon -adoption  of  the  conclusions  of 
Saflbnl,  ahbougfa  that  geologist  had  followed  tbo  strata  so  tod- 
nectedly,  from  their  less  altered  and  more  Ibssitiferous  regions, 
sod  was  therefore  least  of  all  liable  to  be  in  error,*  East  rf 
tbis  Huronian  is  marked  a  belt  of  "■Laurentian,"  the  southern 
part  cf  which  is  included  in  the  area  in  queBtion,  The  writ« 
would  here  express  an  opinion,  long  held  as  a  suspicion,  bat 
latterly  confirmed  by  the  results  of  the  recent  examinations  of 
the  crystalline  rocks  by  Dana,  Irving,  Brooke  and  others,  thai 
the  tj-pical  Huronian  strata  of  the  lake  region,  as  well  as  laige 
areas  elsewhere  bo  named,  are  simply  metamorphic  Silurian.  It 
ie  pleasant  to  know,  from  correspondence,  that  some  emiDent 
geologists  have  reached  the  same  conclusion. 

The  writer's  conclusion,  briefly  stated,  is  that  the  rocks  of 
that  portion  of  North  Carolina  south  and  west  of  the  Little 
Tennessee,  together  with  the  metamorphic  area  of  Georgia, 
north  of  a  line  parallel  with  and  ten  miles  south  of  the  Chatta- 
hoochee (and  probably  that  south  of  this  line),  and  the  entire 
metamorphic  area  of  Alabama,  are  <Si(tirian  or  newer,  with  ibe 
possible  exception  of  two  or  three  small  patches  not  over  ten 
miles  in  diameter.  To  the  northeast  of  the  Little  Tennessee, 
there  are  large  areas  of  rocks  of  the  same  age,  but  of  undeter- 
mined boundaries,  and  including  some  patches  which  are  pretif 
certainly  Archsean.  One  of  these  latter  lorma  and  surroiintu 
the  "  Bluff,"  on  the  borders  of  Cocke  County,  Tenn.,  and  Madi- 
son County,  N.  C,  where  there  are  extensive  outcrops  of  pmto- 
gine  and  unakyte,  with  heavy  beds  of  porphyritic  hematite. 
This  area — proSably  of  the  same  age  as  the  iron-bearing  rocks 
of  Missouri — adjoins  the  Warm  Springs  region  before  men- 
tioned; and  it  may  be  well  to  say  here  that  in  Emmons'  figure 
(1.  c.)  of  thf  isfction  lliorc  fxpus'ed,  No.  15  is  Chilhowce  sand- 
stone ;  14  and  13  are  Ocoee,  separated  by  a  fault  from  12, 
which  is  Knox  dolomyte,  and  whose  cavernous  structure  give 
vent  to  the  waters  warmed  by  flowing  through  the  deep  fissures 
of  the  fault  to  the  heated  sulretrata ;  Ko.  11  is  Knox  diale;  10 
is  Chilhowee  sandstone;  9  to  1  are  Ocoee,  probably  resting 
npon  Archsean.  If  this  is  "  typical  Lower  Taconic,"  it  is  typi- 
cal Lower  Silurian  as  well.  It  is  perhaps  pertinent  to  note  here 
that  Emmons's  Upper  Taconic  (1.  c,  pp.  62-68)  is  plainly  only 
the  slightly  (or  not  at  all)  metamorphosed  Silurian  of  the  Great 
Valley. 

*  It  is  but  justice  to  ProfSfBor  SofFord  to  taj  bera  that,  during  Qtb  jean  of  fra- 
quent  reference  to  his  Report,  in  conuection  with  Seld-nork  upon  naarly  all  ptrti 
of  the  geological  seriea  eipoted  in  East  Teaneesee,  the  writer,  while  recogniiing 
many  loco/  deQcieocieB  and  Bome  errors,  such  as  are  unavoidable  in  rapid  work, 
has  been  conetantlj  gratiaed  and  Burprised  at  Che  thoroughness  cj  the  Report  in  all 
its  general  leatures.  It  has  been  and  continues  to  be  a  great  loss  to  Teonessee,  u 
well  as  to  science,  that  ProteBSor  Saflord  haa  not  been  emplQ^vd  to  oomplele  the 
detailed  surrej  of  tiie  Btate. 
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Before  giving  further  details  of  observations,  it  may  be  well 
to  mention  briefly  the  characters  of  the  unaltered  portion  of  at 
least  the  lower  part  of  the  series  supposed  to  be  represented  by 
the  metamorphic  strata  in  question,  beginning  with  the  upper 
layers. 

2.  Silurian  of  East  Tennessee. 

Throughout  East  Tennessee  the  Cincinnati  group  is  com- 
posed chiefly  of  shales,  more  or  less  calcareous,  but  includes 
generally  two  marked  beds  of  limestone — the  upper  a  red,  com- 
pact, crinoidal  marble;  the  lower,  called  by  Saffbrd  the  ** iron- 
limestone,"  a  strongly  ferruginous  rock,  and  so  siliceous  as  to 
leave  in  many  cases  a  toleraoly  solid  skeleton,  after  its  lime  has 
all  been  removed  by  percolating  waters,  though  in  others,  again, 
it  decays  entirely  to  a  sandy  clay.  This  lower  bed  is  quarried, 
near  Knoxville,  as  a  flagging-stone,  and  proves  very  satisfactory, 
though  its  surfaces  are  quite  irregular.  Fine  specimens  of  rip- 
ple-marks are  common  on  these  slabs ;  and  the  false-bedding  of 
oeach-sands  is  often  well  shown  upon  weathered  edges  of 
layers.  The  lowest  beds  of  this  group  are  generally  shales. 
The  total  thickness  has  been  estimated  by  Safford  at  about 
1,850  feet 

The  Trenton  group  is  represented  by  heavy-bedded,  red,  gray 
and  variegated  marbles,  of  an  estimated  thickness  of  380  feet, 
certain  layers  of  which  are  extensively  quarried  and  shipped  for 
both  building  and  monumental  purposes. 

The  Chazy — "  Maclurea  beds  '  of  Saflbrd — consists  of  about 
500  feet  of  bluish,  impure  limestone,  generally  very  shaly, 
though  at  some  points  quite  solid.  The  usual  Maclurea  magna 
is  quite  abundant,  as  are  also  various  undescribed  species  of 
Sponges. 

This  is  followed,  below,  by  the  Knox  group,  consisting  of 
three  members — a  limestone,  a  shale  and  a  sandstone.  The 
limestone  is  mainly  a  very  impure  dolomyte,  though  with  some 
purer  layers,  and  includes  also  two  or  more  thin  beds  of  sand- 
stone, one  of  which  is  probably  the  equivalent  of  the  Saccha- 
roidal  sandstone  of  Missouri.  The  middle  and  lower  portions 
are  especially  siliceous,  being  commonly  crowded  with  cherty 
nodules  and  bands,  the  layers  sometimes  showing  a  thickness  of 
five  feet  or  more  of  solid  chert  These  are  so  numerous  that  the 
outcrops  of  this  series  are  constantly  marked  by  vast  quantities 
of  cherty  masses,  large  and  small,  and  more  or  less  disintegra- 
ted, according  to  the  varying  percentage  of  included  dolomyte. 
This  included  mineral  is  often  crystallized,  and  its  removal 
by  weathering  leaves  numerous  rhombohedral  cavities,  which 
Saffbrd  has  noted  as  peculiar  to  chert  of  this  horizon.  Per- 
haps, a  still  more  constant  mark  is  the  oolitic  structure,  which 
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is  often  very  perfect  tbrou^houi  lar^e  masses.  This  stmctim 
also  fretjuenlly  occurs  in  the  lower  lavera  of  the  timestcai^ 
wbere  the  upper  gimtuateii  iQto  the  miildle  member,  or  Kav 
shale.  Thb  uj-per  member  carries  a  greater  varietv  ot  oni 
tbau  any  other  bed  in  all  this  region ;  but,  as  yet,  it  appoUl 
doubtful  whether  any  of  them  are  m  sufficient  quantity  and  ct 
such  purity  aa  tu  be  of  much  practical  yalua  Pyrite;.  ga]«Qitt 
and  sphalerite  are  of  frequent  omurrence  in  small  quantitiei; 
and,  at  a  few  |X)iuts,  there  are  indications  of  considerable  boditi 
of  lead  and  zinc  ores,  the  weathered  portions  of  the  lalt* 
showing  much  calamine  and  smithaonite.  Barit«  is  also  nwlt 
abundam,  though  often  impui'e.  Fluorite  also  occurs  in  snuH 
quantities.  These  mainly  occur  at  the  filling  of  cavem-lik* 
(Mjambers  irregularly  following  the  "joints  "  of  the  Rtrata  ;  bat 
little  is  yet  known  of  their  extent,  and  nothing  as  to  any  law  d 
their  distribution.  They  also  occur  in  grains  disseminated 
through  the  maaa  of  the  rock.  The  most  abundant  ore  along 
tbeouterop  of  this  series  is  limonite-,  which  occurs  in  immeow 
beds,  both  coinpaet  and  ochreous.  It  is  plainly  a  suriaca 
accumulation,  resulting  from  the  decomposition  of  pyrite  and 
siderite  in  the  limestone,  and  varyinggreatly  in  degree  of  purity, 
according  to  local  conditions.  Some  bed.s  are  so  filled  with 
lai^er  or  smaller  masses  of  chert  as  to  be  worthless:  while 
others  are  almost  entirely  free  from  such  impurities.  Mttot  of 
this  ore  contains  more  or  less  manganese  ore,  partly  in  the  fonn 
of  wad,  partly  as  psilomelane.  The  very  general  dissemi nation 
of  iron  through  tne  limestone,  as  sulphide,  as  oxyd,  or  as  car- 
bonate, is  evidenced  by  the  color  of  the  heavy  betfa  of  reddish- 
brown  clay  accompanying  every  outcrop,  which  have  been 
formed  from  the  impurities  of  the  rock,  as  the  lime  and  magne- 
sia salts  have  been  dissolved  away.* 

'These  immenBe  beds  of  debris,  along  the  outcrops  of  all  but  tha  very  haideai 
and  moBt  ailiceoua  rocke,  are  the  couMant  tliarecteriBtic  of  all  this  Bouthem  icgico, 
and,  with  the  entire  absence  of  drifted  mBlerial  above  the  level  of  the  old  rinr- 
terroL-es,  afford  the  beat  of  evidence  that  do  glaciers  have  ever  exist«d  la  the 
region.  The  immonso  amounts  of  river  grnvel,  hovever.  ivhioh  bestrew  the  slopa 
of  the  railejs,  up  to  from  170  to  200  feet  and  more  above  the  present  atream-levelt. 
would  indicate  viist  «iviirmiLiTiniig  of  =dow  upon  the  hif.'!icr  I'iirts  of  Ihi.'  mouotaai!; 

summits,     Tlit-i-  .1  .■■  1,  niHMl 

above  its  jiresi^ijl  !  ;,  ]■.-  it?  its- 

charge  was  by  the  valley  of  tliL-  Coobu  Rivt^r,  dirBttly  to  tlie  Gulf  ot  Mexico,  in- 
stead ol  by  the  preaenC  valley  of  the  Tennessee.  The  Clinch  muxt  then  ban 
formed  the  maiu  source  of  the  Tennessee,  and  possibly  this  may  also  hare  found 
a  south weelera  outlet  after  passing  Chattanooga. 

The  deep  disintegration  of  the  rocks  will  also  account  for  the  entin  aibtaiee  a/ 
laket  in  this  region,  since  any  body  of  wat«r,  if  ever  formed  here,  would  Snd  little 
difficulty  in  cutting  down  its  ouUet  so  as  to  drain  its  bod.  The  most  southerc 
body  of  water  in  the  Appalachians  is  said  to  be  at  Mountain  I^e,  Qiles  County, 
West  Virginia,  which  is  not  far  from  the  region,  on  the  Oreeubrter  BItbt,  where 
Stereos  reosDtly  reported  fiuding  gUf^al mM^-Dtp.    CIU&3<»>iiiai,UI,  vi,  311). 
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The  middle  member  of  the  Knox  series  is  the  Knox  shale, 
which  in  the  neighborhood  of  Knoxville  is  a  nearly  pure  clay 
shale  ;  but  it  is  said  to  become  more  calcareous  to  the  northeast, 
forming  at  some  points  a  pretty  solid  limestone,  not  readily  dis- 
tinguished from  the  Knox  dolomyte  proper.  The  Knox  sand- 
stone is  ferruginous  and  quite  commonly  very  argillaceous  and 
elauconitic.  The  Knox  ^oup,  as  a  whole,  represents  the 
Quebec  group  and  the  Calciferous  sandrock ;  and  the  plane  of 
division  is  not  readily  determined.  The  thin  bands  of  limestone 
at  the  top  of  the  shale  contain  numerous  trilobites,  mostly  of 
species  as  yet  undescribed,  which  appear  to  be  closely  related  to 
those  occurring  at  the  base  of  the  Quebec  group  in  Canada. 
The  maximum  thicknesses  are  stated  by  Saflford  as  :  Dolomyte, 
4,000  feet;  shale,  1,500  to  2,000  feet;  sandstone,  800  to  1,000 
feet.  At  some  points,  the  two  lower  members  are  very  thin  or 
even  wanting. 

Next  comes  the  Chilhowee  sandstone,  generally  a  heavy- 
bedded  rock,  occasionally  white,  generally  ferruginous,  often 
pyritous.  This,  at  most  of  its  outcrops,  is  metamorphosed  into 
an  extremely  compact  quartzyte,  though  commonly  interlami- 
nated  with  some  few  thin  beds  of  sandy  shale.  Scolithus  bor- 
ings occur  abundantly  in  this  rock  at  some  points ;  but,  instead 
of  this  being  the  universal  rule,  as  stated  by  Safford,  it  is  the 
exception  at  outcrops  thus  far  examined  by  the  writer.  Thick- 
ness, 2,000  feet  or  mora  As  already  stated,  this  is  considered 
to  be  the  typical  Potsdam  sandstona 

Lowest  of  all  the  recognized  Silurian,  we  have  the  Ocoee 
group,  of  the  Acadian  epoch,  or  Lower  Potsdam.  The  beds  are 
all  more  or  less  metamorphosed,  and  consist  mainly  of  slates  and 
conglomerates.  As  these  are  of  very  uniform  character,  and 
outcrop  in  the  region  of  greatest  disturbance  and  most  numer- 
ous faults,  it  would  be  extremely  difficult,  if  not  impossible,  to 
determine  their  actual  thicknesa  SafTord  says  that  this  may  be 
10,000  feet 

While  the  Chilhowee  and  Ocoee  groups,  within  the  Tennessee 
line,  may  especially  be  considered  semi-metamorphic,  the  sand- 
stones of  the  former  having  been  well  cementea  without  con- 
cealing or  even  confusing  the  granular  structure,  the  shales  of 
the  latter  having  been  squeezed  into  smooth  slates,  but  showing 
no  crystallization,  and  the  pebbles  of  its  conglomerates  well 
combined  with  the  finer  paste  by  a  sort  of  aqueous  fusion  while 
yet  plainly  showing  their  pebbly  character ;  yet  lesser  degrees 
of  metamorphism  are  plainly  to  be  traced  in  many  of  the  higher 
layers,  far  out  into  the  Great  Valley.  Good  examples  of  this  are 
abundant  in  the  "iron-limestone  about  Knoxville,  where  the 
lines  of  original  stratification  are  often  much  contorted,  while 
the  mass  is  most  thoroughly  compacted. 

Am.  Jouk.  Soi.^Trtbd  Sbbiss,  Vol.  IX,  No.  62.— Apbh^,  1875. 
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S.  Frwn  Athens  to  Murpfiy. 

As  was  long  ago  stated  by  Rogers,  the  dipa,  througliout  Urge 
portions  of  the  Appalachians,  are  mainly  to  the  southeast,  the 
upward  displacement  along  the  numerous  lines  of  faults  being 
generally  on  their  southeastern  sides.  As  a  consequence,  il  is  at 
many  places  difficult  to  recognize  the  successive  outcrops  of  the 
different  beds,  until  one  has  become  somewhat  Ismiliar  with 
their  local  features  and  forms  of  metamorphism.  In  tracing 
the  section,  however,  from  the  railroad  at  Atliena,  Tenn,,  across 
to  Murphy,  N.  C,  and  thence  to  Clarkesville,  Ga..  there  appears 
to  be  less  than  usual  of  this  fuulting;  and  the  equivalencies  of 
the  bods  are  determined  with  comparative  ease.  At  Athens, 
the  shiily,  calcareous  beds,  with  some  of  the  heavier  and  more 
compact  ones  of  the  iron-limestone,  of  the  Cincinnati  grouj). 
form  the  hills,  with  moderate  northwesterly  dips.  About  two 
miles  southeast,  these  are  suddenly  cut  off  by  a  fault,  the  Knox 
dolomyte  abutting  against  them,  though  still  showing  north- 
westerly dips.  Two  miles  farther  on,  at  the  crossing  of  Middle 
Creek,  we  pass  an  anticlinal,  along  whose  back  the  erosion  has 
cut  slightly  into  the  Knox  shale.  Knox  dolomyte  follows,  with 
southeast  dips,  until,  about  two  miles  farther,  at  Jesse  Dodaon's, 
another  anticlinal  of  the  shale  appears,  after  which  regular 
soatheaiit  dips  bring  iu  the  cacuplelxi  aeriea  tor  aljout  /bur  miles, 
the  light-colored  Trenton  marbles  appearing  about  nine  miles 
out,  and  ten  miles  bringing  us  into  a  gap  of  a  line  oi  high  red 
knobs  formed  of  the  iron-hmestone  beds.  These  include  many 
tbin  streaks  of  hematite,  partly  in  the  compact  "  specular"  form, 
partly  oolitic,  partly  in  a  powdery  or  scalv  condition,  whicb 
lias  been  locally  mistaken  for  cinnabar.  'The  hard  ore  can 
sometimes  be  traced,  within  short  distances,  from  the  ''specular" 
condition  into  the  unaltered  oolitic  "  dyestone,"  inclosing  corals 
and  other  fossils  in  perfect  preservation,  or  again  into  a  ferrugi- 
nous sandstone.  The  ores  of  this  belt  have  not  yet  been  found 
in  sufficiently  thick  beds  to  pay  for  mining,  though  many  car- 
loads of  good  ore  have  been  gathered  from  the  accumulations 
along  the  weathered  outcrops.  These  iron-limestone  beds  recur, 
in  several  successive  waves,  for  about  four  miles,  one  of  the 
synclinals  bending  low  enough  to  show  a  considerable  mass  of 
the  overlying  "red  marbla'  Finally,  thirteen  miles  out,  the 
layers  rise  in  sharp  northwest  dijffl,  as  we  approach  the  foot  of 
the  southwestern  section  of  the  Chilhowee  Mountain  range.  Tlie 
Knox  group  forms  the  base  and  northwestern  face  of  the 
mountam;  and  the  heavy  beds  of  the  Chilhowee  sandstone 
tbrm  its  crest,  in  bold  cliffs  overlooking  the  valley  to  the  south- 
east, 1,100  feet  below.  White  Cliff  Springs,  of  chalybeate  and 
sulphur  water,  are  a  favorite  summer  resort,  near  the  summit, 
ana  sixteen  miles  from  Athena,      Such  springs  are  frequent    j 
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along  the  outcrop  of  this  sandstone,  resulting  from  the  decom- 
position of  the  pyrite  therein  contained. 

Looking  northeastward,  toward  the  other  section  of  this 
mountain,  to  be  hereinafter  described,  we  see  no  intervening 
ridges  and  no  apparent  outcrop  of  the  sandstone,  but  only  a 
confused  cluster  of  low,  rounded,  shale  hills. 

Descending  the  southeastern  face  of  the  mountain,  we  find  its 
foot  composed  of  the  Ocoee  slates,  semi-metamorphosed,  dipping 
northwest.  In  the  middle  of  the  valley  is  a  knob  of  the  Ocoee 
conglomerate,  apparently  occupying  the  axis  of  the  anticlinal, 
since  southeast  dips  at  once  recur,  the  slates  forming  the  ridge 
bounding  the  valley  on  the  southeast  The  second  and  third 
ridges  show  small  synclinal  patches  of  the  Chilhowee  sandstone 
on  their  crests,  with  slight  intervening  anticlinals,  while  the 
fourth  is  a  sharp  anticlinal  in  the  slates,  which  brings  us  to  the 
Coca  Creek  waters,  where  the  outcrop  of  these  slates,  with  some 
small  quartz  veins,  has  yielded  small  amounts  of  placer  gold. 
At  one  point  here,  I  saw  a  small  outcrop  of  the  Chilhowee,  dip- 
ping southeastward,  and  apparently  cut  off  by  a  fault.  Indeeu, 
slight  faults  are  frequent  in  the  slates  which  here  form  the  mass 
of  the  Smoky  Mountains  along  the  State  line.  These  disturb- 
ances, however,  though  preventing  any  accurate  determination 
of  the  true  thickness  of  the  beds,  in  no  way  interfere  with  the 
continuity  of  the  mass  and  the  constancy  of  the  general  south- 
easterly dipa  These  dips  continue  for  about  five  miles  beyond 
the  State  line,  the  beds  showing  more  and  more  thorough  meta- 
morphism,  the  slates  becoming  micaceous  and  talcoia  schists, 
and  the  inclosed  beds  of  conglomerate  becoming  gneisses,  more 
or  less  pebbly  or  even  porphyritic.  Here,  on  the  eastern  slope 
of  Long  Ridge,  just  beyond  Hennegar's,  northwest  dips  set  in 
again,  and  continue  about  nine  miles,  to  Davidson's,  in  similar 
beds:  at  this  latter  point,  an  anticlinal  of  softer  hydromica 
schists  and  gneisses,  partly  staurolitic,  with  thin  quartz  veins 
and  much  iron  sand,  appears  for  half  a  mile,  and  represents  the 
copper-bearing  beds  of  Ducktown,  the  ores  of  which  are  said  to 
be  exposed  in  the  bed  of  the  Hiwassee,  perhaps  three  miles 
west  of  this  point  The  beds  appear  to  lie  conformably  be- 
neath the  true  Ocoee,  on  both  sides  of  the  anticlinal ;  and  there 
seems  to  be  no  reason  for  referring  them  to  a  distinct  group,  as 
was  done  by  Emmons ;  and  here  Kerr  has  not  followed  nim. 
The  series  shows  a  much  wider  outcrop  at  Ducktown,  a  dozen 
miles  southwest,  where,  as  is  well  known,  rich  copper  mines 
have  been  developed.*  The  ore-deposits  here  are  irregular 
masses  of  "stock- work,''  though  fillmg  crevices   which   run 

*  StUl  more  extensiTe  deposits  would  doubflees  have  been  located,  had  more  coa- 
yenient  access  made  miniBg  more  profitable.  In  the  present  condition  of  afbirs, 
the  Dudctown  works,  thoo^  economicallj  managed,  return  hardlj  a  living  profit, 
and  await  the  coming  of  a  promised  railroad  for  Tower  freights  snd  <duM3B«ttQi[JL 
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nearly  parallel  with  tlie  inclosing  atrata,  in  consequence  of 
scbistose  structure  especially  favoring  splits  in  that  direction. 
At  many  points,  they  look  like  regularly  mterstratifiecf  beds.  Con- 
ditioDH  have  here  favored  moat  thorough  metamorpfaiBni,  proba- 
bly by  reason  of  a  more  open  and  porons  condition  of  the 
material,  allowing  more  abundant  percolation  of  the  heated 
mineral  watera  The  wall-rock,  at.  some  points,  is  of  the 
toueheat  possible  quartzyte;  at  others,  a  micaceous  gneiss; 
aeam,  a  tremolyte  or  hornblendyte.  Both  the  walling  and 
"noraea  "  of  the  same  material  are  often  permeated  with  copper, 
iron  and  zinc  sulphids.  The  true  gangue  is  quartz,  at  some 
points  very  abundant,  at  others  scarce. 

Passing  on  from  thia  belt,  the  southeast  dips  bring  in  agaiD 
the  schists  and  gneissoid  conglomerates  of  the  Ocoee,  and  tiie 
gneisses  and  gneisaoid  quartzytes  of  the  Chilhowee  and  the 
Knox  sandstones.  Above  this  latter  bed,  which  is  here,  of 
course,  undistinguishable  from  the  Chilhowee,  the  Knox  shale 
is  represented  by  fine-grained  blue  mica  slates  speckled  with 
mica  crystals ;  and,  within  a  quarter  of  a  mile  of  Murphy,  we 
find  the  Knox  dolomyte,  in  white,  speckled,  gray,  dove-colored 
and  nearly  black  marbles.  These  materials  being  so  much 
more  easily  eroded  and  dissolved  than  most  of  the  qnartzose 
rocks,  have  caused  the  formation  of  a  long  line  of  vallevs,  and 
are  themselves  generally  covered  Before  treating  of  t"hem  in 
detail,  or  pasaing  on  to  more  easterly  outcropa,  let  as  review 
^e  strata  along  another  line  of  approach. 

4.  From  ShoxviUe  to  Miirphy. 
At  Knoxville,  just  north  of  the  railroad  tract,  a  line  of  fault, 
essentially  the  equivalent  of,  and  probably  continuous  with, 
that  noticed  just  southeast  of  Athens,  separates  the  upper  shales 
of  the  Cincinnati  group  from  the  Knox  dolomyte,  both  having 
southeast  dips.  The  dolomyte,  with  its  characteristic  cherts  and 
sandstones,  forms  the  ridge  upon  which  the  main  pan  of  the 
city  of  Knoxville  atanda,  and  extends  across  to  the  south  bank 
of  the  Holston,  where  it  is  regularly  overlaid  by  the  sfaaly  lime- 
stones of  the  Chazy,  the  fine  quarry-marbles  of  the  Trenton,  and 
the  shales  and  iron -limestones  of"^  the  Cincinnati,  which  latter 
form  a  line  of  high  red  knobs,  with  thin  streaks  of  cotiipactand 
odlitic  hematite.  About  three  miles  out,  a  low  rounded  hill, 
between  flat  shale  valleys,  shows  a  synclinal  of  the  upper  "red 
marble."  The  iron-limestone,  in  successive  waves,  then  occu- 
pies the  surface  nearly  to  Rockford — say  for  six  miles — and 
then  yields  place  to  the  Knox  dolomyte,  which  continues  to  be- 
yond Maryville  This  town,  sixteen  miles  from  Knoxville, 
stands  near  the  crown  of  a  low  arch,  which  appears  to  be  the 
equivalent  of  the  sharp  anticlinal  in  the  valley  southeast  of 
White  diff,  though  here  somewhat  farther  out  from  the  main 
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mouiitain&  The  northeastern  section  of  the  Ohilhowee  Moun- 
tain, indeed,  is  still  nine  miles  beyond  us.  In  approaching  it, 
we  pass  over  all  the  upper  beds  of  the  Lower  Silurian,  together 
with  ihe  shales  and  oolitic  hematites  of  the  Upper  Suurian 
(Clinton,  or  SaflFord*s  "Dyestone  group"),  and  the  Black  shale 
and  soft  gray  calcareous  shales  of  the  ix)wer  Subcarboniferous, 
and  suddenly  reach  a  fault  of  perhaps  10,000  feet,  where  the  last- 
named  beds  abut  against  the  Ocoee  slates  and  conglomerates. 
The  slates,  at  some  points  in  this  neighborhood,  are  quite  chlo- 
ritic,  and  so  nearly  olack  as  to  have  been  frequently  mistaken 
for  anthracite.  Above  the  Ocoee,  the  mass  of  the  mountain 
consists  of  the  heavy  beds  of  the  Chilhowee  sandstone,  with 
high  southeast  dips.  Montvale  Springs,  a  favorite  summer- 
resort,  nine  miles  from  Maryville,  are  near  the  foot  of  the 
mountain,  and  derive  their  chalybeate  waters  from  the  decaying 
pyrite  of  this  formation.  Several  other  strong  chalybeate 
springs  occur  at  various  points  along  the  mountain,  but  have 
not  been  similarly  improved.  Passing  the  summit,  we  find  the 
southeastern  tbot-slopes  faced  with  imperfect  slates,  represent- 
ing the  Knox  shale,  and  the  hollows  beyond  occupied  by  the 
Knox  dolomyte,  much  disturbed  and  altered.  The  rough  form 
of  the  country  does  not  favor  a  full  understanding  of  the  dis- 
turbances without  a  thorough  study  of  details;  but  it  is  at  least 
evident  that  the  dolomyte  finally  abuts  against  the  Ocoee  group, 
across  a  fault  of  several  thousand  feet,  near  the  foot  of  the  State 
line  range,  here  called  the  Smoky  Mountains.  The  Ocoee  con- 
tinues, with  southeastern  dips,  for  several  miles  up  the  Little  Ten- 
nessee ;  but,  at  Rocky  Point  ferry,  three  miles  beyond  the  line, 
let  us  cross  the  river,  pass  over  a  high  spur  to  Cheowa  River, 
and  ascend  the  valley  of  that  stream.  The  slates  and  conglom- 
erates here  pass  rapidly  into  schists  and  gneisses.  About  fifteen 
miles  from  the  ferry,  we  encounter  the  Ohilhowee,  in  the  form 
of  a  heavy-bedded,  fine-grained  gneiss,  occupying,  for  a  mile  or 
8o,  the  axis  of  a  synclinal.  It  is  reported  that,  on  Snow  Bird 
Creek,  a  western  fork  of  Cheowa,  a  bed  of  limestone,  which 
must  be  the  Knox  dolomyte,  occupies  a  considerable  area  on  the 
line,  joining  this  outcrop  with  the  synclinal  noticed  at  Long 
Bidge  on  the  other  route.  Northwestern  dips  of  the  Ocoee  now 
continue  on  to  the  head  of  the  river,  consisting  of  hydromica 
schists  and  gneisses  with  staurolites  and  garnets,  chlorite  schists 
with  garnets  and  quartz  veins,  and  some  bands  of  gneiss  and 
quartzyte.  As  we  approach  the  summit  gap,  toward  Valley- 
town,  we  find  an  irregular  anticlinal,  equivalent  to  that  at 
Davidson's  on  the  other  route,  followed  by  very  confused  dips, 
as  though  the  mountain  bed  suffered  a  tremendous  squeezing  in 
this  region.  These  disturbed  foldings  continue  even  down  to 
the  vafley-level,  where  sharp  anticlinal  folds  occur  in  the  mica- 
ceous gneiss,  just  before  it  dips  beneath  the  Knox  m^\A^    \\» 
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is  not  improbable  that  carefal  examination  mighl  detect  sioiil 
patches  of  the  marble  caught  and  he!d  in  some  of  the  fol.ls 
nigh  up  OD  the  mountain-gide.  The  point  at  which  we  hsie 
now  struck  thifi  formation  is  abont  seventeen  miles  oortheaft  of 
Mnrphy,  along  the  direct  line  of  outerop. 

If,  instead  of  crossing  at  Rocky  Point  and  ascendiDgChcowa, 
we  follow  np  the  Little  Tennessee,  we  find  beavj-bedded  gnr. 
Chilbowee  quartzytes  exposed  as.  near  Hazelnut  Creek,  we  ap- 
proach and  pass  the  synclinal  jast  noticed  as   mnniug  from 
Long  Ridge  across  Cheowa.      Hereabouts  are  also  laminated 
micaceous  sandstones  and  chloritic  slates,  with  veins  of  milkr 
quartz.    These  and  similar  beds  contanue  to  above  the  mouth  of 
tne  Tuckaseege,  whose  dip  is  at  first  pretty  regularly  northwest,    ! 
but  soon  becomes  irregular,  turning  to  southwest  and  evrn  to   I 
south,  as  if  some  transverse  axes  of  fold  were  developed,  not  far 
to  the  northeastward.     As  we  approach  and  pass  the  month  of 
Nantahala  River,  the  same  beds  come  down  again,  after  we  pias 
the  axis  of  an  anticlinal  about  a  mile  below  Ashe's  Mill:  the   1 
dips,  at  first  nearly  e.ast,Boon  become  S.  20"  EL    Along  the  axis   j 
of  the  anticlinal,  which  is  the  equivalent  of  that  ranning  from 
Ducktown  past  Davidson's,  there  are  said  to  be  copper  ores  ia 
schist  along  Stekoa  Creek.  Five  or  six  miles  above  the  Wanta-   I 
hala,  near  Wm.  Deharl's,  we  are  supposed  to  reach  the  range  of 
the  Valley  Hlver  iniirble,  though  its  outcrop  has  not  jet  been 
reported  quite  so  far  northeast 

<To  b«  contiaued.) 
EnoxTlUe,  Tena,  Jan.  26tti,  1815. 


Art.   XXXI. — BenCham,   On   the  recent   Progress   <i7id  prexnl 
State  of  Systematic  Botany.* 

Had  Mr.  Bentbam  remained  a  little  longer  in  the  presidential 
chair  of  the  Linnean  Society,  his  recent  elaborate  paper  would 
substantially  have  been  the  staple  of  the  last  of  that  series  of 
annual  addresses,  most  of  wbicn  have  been  noticed  and  several 
reprinted  in  this  Journal  The  present  report  is  too  long  to  re- 
print, and  very  difficult  to  abridge.  A  sketch  of  the  progress  of 
the  science  as  regarded  by  a  botanist  who  personally  conversed 
with  an  active  correspondent  of  Linoieus  {Gouan  of  Mont- 
pellier);  who  received  useful  hints  on  the  method  of  botanical 
study  from  A  L.  de  Jussieu,  the  founder  of  the  Natural  Sys- 
tem ;  who  was  in  intimate  relations  with  the  elder  DeCandoIie, 
Brown,  Lindley,  and  Hooker;  who  hasstadied  in  all  the  Euro- 
tor  the  Advancement  of  Scu«dc«, 
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pean  herbaria,  and  been  in  correspondence  with  all  and  in  per- 
sonal acquaintance  with  most  of  the  notable  botanists  of  the 
last  forty  or  fifty  years,  and,  finally,  who  is  at  the  present  time 
the  most  productive  and  the  soundest  of  systematic  botanists, 
cannot  be  otherwise  than  replete  with  interest 

We  will  pass  over  Mr.  Bentham's  retrospect  of  the  first  great 
movement  of  modem  botany  over  theLinnsDan  thoroughfare  to 
a  knowledge  of  genera  and  species,  and  also  of  that  of  his  and 
our  own  days,  by  which  we  have  ascended  a  higher  platform  of 
ordinal  classification  along  the  path,  once  so  difficult  but  now 
made  available  and  easy  through  the  labors  and  genius  of  Jussieu, 
Brown,  DeCandolle,  and  other  but  less  illustrious  pioneers ;  and 
we  come  down  to  "  the  next  period  in  the  progress  of  systematic 
botany,  the  seventeen  years  that  elapsed  from  1882  to  1869/' 

"  The  change  from  the  technical  to  the  scientific  study  of 
plants,  which,  during  the  preceding  period,  had  been  working 
Its  way  through  so  many  obstacles,  was  now  complete.  The 
LinnsBan  platform,  established  on  the  relations  of  genera  and 
species,  had  now  been  so  long  and  so  universally  adopted  as  the 
basis  or  stand-point,  that  the  credit  due  to  its  founaer  was  al- 
most forgotten  in  the  triumphant  destruction  of  the  sexual 
scaffolding  he  had  erected  for  the  ascent  of  the  higher  stages, 
and  now  completely  superseded  by  the  progress  of  the  Jussisdan 
roads,  although  it  was  chiefly  by  the  consistent  following  out 
of  the  principles  laid  down  by  LinnsBus  himself  that  the  change 
had  been  effected.  No  would-be  botanist  was  allowed  any 
longer  to  eschew  the  labor  of  the  methodical  study  of  plants, 
or  to  indulge  in  the  belief  that  their  technical  sorting  consti- 
tuted the  scienca  ***** 

"  It  would  seem  that  at  this  advanced  stage  of  our  progress 
the  guide-posts  of  the  principal  paths  had  become  so  firmly 
established,  the  principles  upon  which  plants  should  be  scien- 
tifically classed  so  clearly  laid  down,  and  so  far  carried  into 
practice,  that  little  remained  to  be  done  toward  completing  the 
survey  of  the  territory — toward  a  general  distribution  of  species 
according  to  their  natural  affinities — beyond  the  more  accurate 
delineation  of  details  and  the  interpolation  of  newly-discovered 
species;  and  that  the  systematic  1x>tanist  could  already  look 
toward  that  summit  upon  reaching  which  his  labors  in  aid  of 
the  general  advance  of  the  science  might  come  to  a  close. 

''But  there  was  a  rock  ahead  which  had  long  been  looming 
in  the  distance,  and  which  on  a  nearer  approach  opposed  a  for- 
midable obstacle.  What  is  a  species?  and  what  is  the  mean- 
ing of  those  natural  affinities  according  to  which  species  are  to 
be  classed?  were  questions  which  in  1859  it  was  generally 
thought  vain  to  discuss,  or  the  answers  to  which,  given  to  us 
by  doctrinal  teachers,  unsupported  by  or  independent  of  facts, 


it  was  considered  as  aacrilegioua  to  doubt.  We  were  taugiil, 
and  some  may  still  believe,  that  every  species,  such  as  we  now 
flee  it,  was  an  original  creation,  perpetuated  tbrough  every  geo- 
emtioD  within  lixed  limits  which  never  have  been  and  never 
will  be  transgressed.  We  were  less  authoritatively  told  thai 
resemblances  of  different  species  were  owing  to  their  having 
been  formed  upon  one  plan  variously  modified.  To  the  ques- 
tion why  they  were  so  modified,  the  ready  answer  was,  such 
was  the  will  of  the  Creator ;  and  in  order  not  to  suppose  that 
that  will  was  influenced  by  mere  caprice,  it  was  suggested  ihnt 
the  modifications  were  either  to  suit  the  plant  to  the  circum- 
stances it  was  placed  in,  or  to  remedy  defects  in  the  original 
plan,  or  we  were  simply  told  that  the  subject  was  beyond  our 
powers  of  comprehension.* 

"One  consequence  of  this  apparent  impossibility  of  proceed- 
ing further  in  the  investigation  of  the  causes  of  affinities  and 
of  this  necessity  of  taking  species  as  separate  creations  in  enor- 
mous numbers,  with  resemolancea  and  dift'erences  in  endless 
variety  according  to  the  inscrutable  will  of  the  Creator,  waa 
the  enoouraMDient  it  gave  to  arbitrary  classifications  and  in- 
terminable disputes  as  to  the  limits  of  individual  species.  It 
was,  indeed,  generally  admitted  thnt  plants  should  be  arranged 
in  genera,  ORlers,  &c.,  in  grou]i^  ni'  nitrhcf  ami  higher  grades 
according  to  the  importance  of  the  characters  they  had.  in  com- 
mon, and  that  the  test  of  species  was  the  persistence  of  its 
characters  through  two  or  more  generations;  but  there  were  no 
naeans  of  estimating  the  importance  or  value  of  characters  ex- 
cept by  such  vague  standards  as  the  number  of  species  in 
which  they  had  been  observed  to  prevail,  no  means  of  deter- 
mining what  degree  of  variation  and  ]>ersiatcnce  actually  dis- 
tinguished the  species  from  the  variety.  The  botanist  who 
affirmed  that  Riihus  frutKOstis,  Dniha  verna,  or  iSphagnitm  pafus- 
tre  were  each  one  very  variable  species,  and  he  who  maintained 
that  they  were  collective  names  for  nearly  four  hundred,  for  at 


*  "  In  my  IreqneDt  intercourae  during  the  above  period  with  foreigo  botanistt, 
I  heard  more  than  one  OenDMi  Profestor  Afflno  that  a  tjpe-form  was  created  for 
•ftch  aaturnl  order  (the  common  clover,  for  instance,  being  that  for  PapiUonaceKt 
that  Nature  got  to  work  to  modify  thii  tjpe-fonn  in  framing  species  of  a  men 
oompUcated  structure,  till,  tired  of  the  eiortion,  she  next  produaed«iiew  epeciee  by 
the  simple  omiuion  of  some  of  the  complicadons.  A  French  bottmist  of  great 
eminence,  to  account  for  the  number  of  planta  in  culCiratioD  which  are  Dot  knoini 
to  exist  in  a  wild  state,  obeerved  that  we  could  not  suppose  that  man  would  han 
been  created  without  a  simultaneous  creation  of  plants  for  him  to  cultivate  fof 
food,  quite  independent  of  the  wild  vegetation  which  existed  before  him  for  tba 
food  of  enimnls.  And  taAtij  other  still  wilder  theories  were  propounded  to  ac- 
count for  facts  inconsistent  with  the  presumed  independent  creation  and  abeolnta 
flxit;  of  species.  The  best  authorities  went  no  further  thau  deOning  affinity  u 
oorreapondence  of  characters,  pbjsioli^cal  or  structural,  and  estimHtiug  the  iHm 
(d  cWracters  and  the  importance  of  peculiarities  or  modiQcttUons  of  character 
Mom'diiig  to  their  known  oonneiioD  with  the  pheDomeoa  of  life." 
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least  two  hundred,  or  for  some  twenty  separately  created  and 
invariably  propagated  species,  had  each  arguments  m  their  fskvour 
to  which  no  definite  reply  could  be  given ;  and  systematic 
botany  was  in  too  many  cases  beginning  to  merit  the  reproach 
of  German  physiologists,  that  it  was  degenerating  into  an  arbi- 
trary multiplication  and  cataloguing  of  names  and  specimens, 
of  use  to  collectors  only,  and  serving  as  impediments  instead 
of  aids  to  the  extension  of  our  scientific  knowledge  of  the  vege- 
tation of  the  globe. 

"  It  is  true  that  long  before  the  period  under  consideration 
some  indications  by  which  this  great  obstacle  to  further  progress 
might  be  surmounted  had  been  vaguely  given,  and  the  theory 
of  a  conmion  descent  of  modem  species  had  been  broached,  or 
generally  proposed  as  a  solution  of  some  of  the  difficulties ;  but 
not  in  a  manner  sufficiently  plausible  to  overcome  the  preju- 
dices against  following  up  any  such  track,  nor  supported  by 
fiu^ts  and  observations  sufficient  to  awake  the  attention  of  the  most 
anxious  pursuers  of  the  scienca  It  was  reserved  for  the  publi- 
cation of  the  *  Origin  of  Species '  in  1859  to  mark  out  a  practic- 
able path  by  which  the  higher  summits  might  be  attain ea  The 
doctrine  of  evolution  of  species,  according  to  laws  originally  fixed, 
instead  of  arbitrary  intervention  upon  each  and  every  occasion, 
was  in  this  remarkable  work  clearly  traced  out,  supported  by 
powerful  arguments,  and  founded  upon  facts  and  observations 
the  accuracy  of  which  no  one  could  aoubt ;  and  a  way  was  thus 
opened  up  to  a  pinnacle,  which  in  a  wonderful  degree  enlarged 
the  range  of  vision  of  those  who  had  the  courage  to  follow  its 
propounder  up  the  giddy  height  It  was  immediately  and  suc- 
cessfully taken  to  by  several  of  the  most  eminent  of  our  natural- 
ists accustomed  to  philosophical  deductions  from  ascertained 
facts ;  it  was  blindly  accepted,  but  misused,  by  some  German 
and  Italian  speculators,  who,  in  their  hurry  to  adopt  Darwinism 
before  they  well  understood  it,  and  in  their  eagerness  to  go  be- 
yond the  point  to  which  the  road  had  been  securely  marked 
out  by  the  author,  or  to  diverge  into  by-paths  which  led  to 
precipices  and  pitfalls,  added  to  the  alarm  of  the  timid ;  whilst 
It  was  not  only  shunned,  but  denounced  as  fraught  with  the 
utmost  danger  by  the  great  majority  who  were  accustomed  to 
place  tradition  above  reasoning.  We  systematists  hesitated  at 
first  to  advance  in  a  direction  so  contrary  to  that  which  we  had 
determinately  followed  for  so  long  a  period ;  but  after  a  careful 
study  of  the  &cts  and  arguments  upon  which  the  new  course 
was  founded,  and  of  the  guide-posts  which  had  been  set  in  it, 
we  most  of  us  have  felt  but  little  doubt  of  its  safely  leading  us 
over  difficulties,  which  we  had  so  long  reckoned  as  insurmount- 
able, into  a  vast  and  entirely  new  field  of  observation,  calcu- 
lated to  give  a  stability  to  the  results  of  our  labours,  of  which 


^92     SaxiiT Prograa  dad pre9mi'7&iie^^^t/^ema& 

we  had  hitherto  formed  no  conception.  The  last  of  the  eEoi- 
nent  observera  of  nature  who  persistently  niaintaiDed  the  inde- 
pendent creation  and  absolute  fixity  of  species  (the  late  distin- 
guiflhed  Professor  Agassiz)  has  recently  gone  from  among  us; 
and  it  may  now  be  given  as  a  generally  received  doctrine,  that 
all  natural  methods  must  be  foundeil  on  affinities  as  dependent 
on  consanguinity.  Fifteen  years  have  sufficed  to  establish  a 
theory,  of  which'  the  principal  nointfi,  in  as  far  as  tbey  affect 
systematic  botany,  may  be  sbortly  stated  as  follows : — 

"  That  although  the  whole  of  the  numerous  oCfepring  of  an 
individual  plant  resemble  their  parent  in  all  main  points,  there 
are  slight  individual  difterences  between  them. 

"That  among  the  few  who  survive  lor  further  propagation, 
the  great  majority,  under  ordinary  circumstances,  are  those 
which  most  resetnole  their  parent,  and  thus  the  species  is  con- 
tinued without  material  variation. 

"  That  there  are,  however,  occasions  when  certain  iadividualE 
with  slightly  diverging  characters  may  survive  and  reproduce 
races  in  which  these  divepgencea  are  continued  even  with  in- 
creased intensity,  thus  producing  Varieties. 

"  That  in  the  course  of  an  indefinite  number  of  generations 
circumstances  may  induce  such  an  increase  in  this  divergency, 
that  some  of  thesi-  new  r.iccfi  will  no  lontri-'r  readilv  propai/aW 
with  each  other,  and  the  varieties  become  New  Species,  more 
and  more  marked  as  the  unaltered  or  less  altered  races,  descend- 
ants of  the  common  parent,  have  become  extinct. 

"  That  these  species  have  in  their  turn  become  the  parents  of 

f roups  of  species,  i.e..  Genera,  Orders,  &c,  of  a  higher  and 
igher  grade  according  to  the  remoteness  of  the  common  par- 
ent, and  more  or  less  marked  according  to  the  extinction  or 
preservation  of  unaltered  primary  or  less  altered  intermediate 
forms. 

"  As  there  is  thus  no  difference  but  in  degree  between  a 
variety  and  a  species,  between  a  species  and  a  genua,  between 
a  genus  and  order,  all  disputes  as  to  the  precise  grade  to  which 
a  group  really  belongs  are  vain.  It  is  left  in  a  great  measure 
to  the  judgment  of  the  systematist,  with  reference  as  much  to 
the  use  to  be  made  of  his  method  as  to  the  actual  state  of 
things,  how  far  he  should  go  in  dividing  and  subdividing,  and 
to  which  of  the  grades  of  division  and  subdivision  he  shall 
give  the  names  of  Orders,  Suborders,  Tribes,  Genera,  Sub- 
genera, Sections,  Species,  Subspecies,  Varieties,  &c,,  with  the 
consequent  nomenclature.  In  the  limitation  of  his  orders, 
genera,  species,  &c.,  he  must  carefully  observe  those  cases  where 
the  extinction  of  races  has  definitely  isolated  groups  having  a 
common  parentage;  and  in  other  cases  where  the  preservation 
of  interniediate  forms  laas  \eft.  oQ  axis:^  %a."9&.,\ia\%siii\K^\^tt 
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draw  arbitrary  lines  of  distinction  wherever  it  appears  to  be 
most  convenient  for  use.  In  the  pre-Darwinian  state  of  the 
science  we  were  taught,  and  I  had  myself  strongly  urged,  that 
species  alone  had  a  definite  existence,  and  that  genera,  orders, 
Ac.,  were  more  arbitrary,  established  for  practical  use,  and 
founded  on  the  combination  of  such  characters  as  appeared  the 
most  constant  in  the  greater  number  of  species,  and  therefore 
the  most  important  We  must  now  test  our  species,  as  well  as 
genera  or  other  j?roups,  by  such  evidences  as  we  can  collect  of 
affinity  derived  from  consanguinity. 

^*  In  valuing  these  evidences,  in  estimating  the  comparative 
value  of  characters,  a  new  difficulty  has  arisen,  that  ot  distin- 
guishing the  two  classes  of  characters  to  which  Professor  Flower 
has  appropriately  given  the  names  of  essential  and  adaptive^ — 
the  former  the  result  of  remote  hereditary  descent,  the  latter 
the  more  recent  effect  of  external  influences.  This  distinction 
is  often  the  more  difficult,  as  the  essential  ones  are  often  only 
to  be  found  in  embryos,  in  the  early  stages  of  organs,  or  are 
merely  indicated  by  slight  rudiments  requiring  close  observa- 
tion to  detect  them ;  whilst  the  adaptive  ones,  of  comparatively 
small  systematic  importance,  are  often  developed  in  external 
form,  in  ramification,  spinescence,  foliage,  &c.,  and  are  the  most 
striking  to  the  eya  One  consequence  is,  that  the  systematist 
of  the  present  day  sees  more  and  more  the  necessity  of  prepar- 
ing a  uouble  arrangement  of  his  genera,  species,  and  other 
groups — a  natural  one  according  to  the  best  evidences  of  affinity 
for  the  purpose  of  scientific  study,  and  an  artificial  clavis  by 
which  the  student  can  be  led  to  identify  genera  or  species  by 
the  more  readily  observed  characters,  which  may  only  form 
part,  or  be  but  chance  accompaniments,  of  the  essential  ones. 
The  greatest  change,  however,  which  the  adoption  of  the  doc- 
trine has  effected  in  the  methodical  study  of  plants  is  the  hav- 
ing rendered  it  necessary,  in  the  case  of  every  genus  or  other 
group,  to  take  into  account  and  specially  to  estimate  the  value 
of  all  the  characters  observed — no  one  can  be  taken  as  so  abso- 
lute as  to  obviate  the  need  of  considering  others,  no  one  can  be 
passed  over  as  theoretically  worthless ;  and  whilst  this  adds 
immensely  to  the  labour  of  the  systematist  and  to  the  calls  on 
his  iudgment,  it  gives  equal  increase  to  the  value  of  the 
results  obtained." 

The  above  statement,  as  we  believe,  clearly  expresses  the 
general  view  of  the  leading  systematic  botanists  of  our  time, 
as  to  the  derivation  of  species,  as  well  as  some  of  the  grounds 
which  have  inevitably  led  to  it.  As  by  Mr.  Bentham  in 
England,  so  also  here,  such  views  were  early  reached,  not 
through  general  theorizing  nor  under  partivzan  ^^^A^Xxcyci, 
hut  upon  sober  couaideration    of   the  facta   tVial  "vi^  Yxi^snr 


most  about,  and  to  which  years  of  impartial  etudy  have  been 
giveu.  Long- continued  conscientious  work  in  systematic  bot- 
any, upon  copious  materials,  gives  excellent  training;  and  it 
is  pretty  sure  to  lead  most  minds  to  the  conclusion  that  the 
present  forms  came  by  way  of  derivation  and  diversificatioo. 
The  results  of  the  study  of  the  Tertiary  and  Cretaceous  fossil 
botany  of  the  northern  hemisphere  bring  confirmation  which 
every  year  makes  stronger;  and  the  riddle  of  geographicaJ 
distribution  finding  easy  solution  thereby,  the  adoption  of  the 
hypothesis  as  the  practical  one  seems  unavoidable,  if  there 
is  to  be  any  science  in  botany. 

[To  be  oontliiued.] 


Abt.  XXXIL—Speetroaeopic  Examination  of  Oqks  from  Mot- 
oric Iron;  by  Arthur  W.  Wright. 

The  well-known  investigation  of  Professor  Qrabam,  upon  the 
gases  occluded  by  meteoric  iron,  showed  that  the  Lenarto  mete- 
orite contained  at  least  2-86  times  its  volume  of  gaseous  sub- 
stances, consisting  of  hydrogen,  carbonic  oxide,  and  nitrogen." 
The  jicrcentages  of  the  several  pa.ses  were;  hydmgcn.  85-68: 
carbonic  oxide,  446;  nitrnyen,  9'yfS.  As  In:  li;iil  olisi.'cvL'd  tbsii 
it  is  difficult  to  produce  an  absorption  by  iron  of  more  than  its 
own  volume  of  hydrogen  under  a  pressure  of  one  atmosphere, 
he  concluded  that  the  Lenarto  iron  bad  derived  this  gas  from 
an  atmosphere  containing  it  in  abundance,  and  at  a  pressure 
much  greater  than  is  found  at  the  surface  of  the  earth,  such,  for 
instance,  as  must  exist  near  the  surface  of  the  sun  or  of  the 
larger  fixed  stars. 

Similar  results  were  obtained  subsequently  by  Professor  J. 
W.  Mallet,t  in  experiments  upon  a  meteoric  iron  from  Augusta 
Co..  Yii^nia,  in  which  he  found  the  same  gases  present,  in  a 
somewhat  different  proportion,  with  the  addition  of  a  small 
amount  of  carbonic  dioxide,  the  percentages  being  :  hydrogen, 
85-83;  carbonic  oxide,  3833;  carbonic  di-oxide,  9T5;  nitrogen, 
16'09.  The  percentage  of  hydrogen  in  the  first  portion  of  gas 
collected  was  greater  than  in  the  portions  obtained  later.  The 
volume  of  the  gases  was  S'17  times  that  of  the  iron. 

On  the  supposition  that  the  meteoric  iron  has  received  its 
hydrogen  ana  other  gases  fn)m  an  extra-terrestrial  source,  if  not 
from  the  sun,  possibly  from  some  other  body  having  a  similar 
atmosphere  of  great  density,  it  seemed  prooable  that  the  un- 
known gaseous  elements,  assumed  to  be  present  in  the  solar 
corona  at:^  chromosphere,  might  be  detected  in  the  gases 
•  Pno.  Bofal  Boc,  xt,  S03.         \  IU4,  zx,  3SS. 
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yielded  by  meteorites ;  and  this  investigation  was  undertaken 
ID  the  hope  that  the  spectroscope  would  reveal  them  if  present, 
though  their  small  amount  or  peculiar  character  should  render 
their  discovery  by  the  ordinary  chemical  means  difficult  or 
impossible. 

The  mode  of  obtaining  the  ^as  was  similar  to  that  pursued 
by  Graham  and  Mallet^  with  the  exception,  that  the  iron,  in- 
stead of  being  a  single  solid  mass,  was  in  the  form  of  fine 
chips,  prepared  by  boring  into  the  meteorite  with  a  steel  drill 
upon  a  lathe,  those  portions  which  came  from  near  the  exterior 
being  rejected,  with  the  observance  of  suitable  precautions  to 
prevent  the  admixture  of  foreign  matter.  The  fine  particles  of 
the  iron  were  placed  in  a  thick  tube  of  very  hard  glass,  which 
had  been  carefully  cleaned,  and  were  pressed  into  it  with  a 
glass  rod.  It  was  found  possible  to  brin^  the  glass  tube,  thus 
partially  filled,  to  a  red  heat,  without  its  yielding  very  much  to 
the  atmospheric  pressui-e. 

For  the  exhaustion  a  very  efficient  Sprengel  pump  was  used, 

Srovided  with  a  U-gauge,  the  limbs  of  which  have  an  internal 
iameter  of  about  six  millimeters,  and  which  is  capable  of  giv- 
ing accurate  readings  to  a  fraction  of  a  millimeter.  The  mer- 
cury is  supplied  to  the  fall-tube  bv  a  recurved  tube,  the 
branches  of  which  are  thirty-two  inches  long,  an  arrangement 
which  effectually  prevents  the  entrance  of  air.  The  pump  is 
capable  of  carrying  the  exhaustion  to  such  a  point  that  it  be- 
comes difficult  to  estimate  the  difference  of  level  of  the  mercury 
surfaces  in  the  gauge,  and  the  electric  discharge  through  a 
vacuum-tube  exhausted  by  it  becomes  very  feeble.  That  there 
was  no  leakage  was  shown  by  the  fact  that,  after  the  exhaustion 
had  been  carried  to  the  extreme,  the  gauge  maintained  its  posi- 
tion unchanged  for  days. 

To  the  exhaust-tube  of  the  pump  was  attached  a  horizontal 

5 lass  tube  having  two  branches  at  right  angles  to  its  length. 
'o  one  of  these  a  vacuum-tube  of  the  form  ordinarily  employed 
for  spectroscopic  work  was  attached,  so  as  to  have  a  vertical 
position.  The  other  was  closed  by  a  stop-cock  by  which  air  or 
anv  gas  could  be  admitted.  The  outer  end  of  the  horizontal 
tube  was  also  provided  with  a  stop-cock,  and  beyond  this  the 
tube  containing  the  iron  was  firmly  attached  with  cement 

It  was  important  to  know  what  lines  would  appear  in  the 
spectrum  from  an  ordinary  tube  exhausted  by  the  pump,  and 
containing  air,  in  order  to  judge  correctly  as  to  the  presence  or 
absence  of  any  gaseous  bodies  coming  from  the  iron.  It  is 
well  known  that  the  lines  of  hydrogen,  and  bands  due  to  car- 
bon compounds,*  appear  when  the  air  in  the  tube  is  rarefied  to 
a  high  degree.     A  number  of  preliminary  trials  showed  that 

*  FltkdMr  and  mttort  On  the  Speote  of  Ignilad  Oases  and  Vapors,  PhiL 
Trana.  Boyal  Soo.,  voL  166,  p.  1. 


tbese  linea,  will)  very  faint  carbon  banda,  probably  due  to  fatly 
matters  employed  in  lubricating  tlie  stop  cocks,  invariably  ap- 
peared toward  the  limit  of  tlie  exhaustion,  while  lines  due  to  tne 
mercury  were  generally  visible  during  the  later  stages  of  tie 
rarefaction,  having  greater  or  less  brilliancy  according  to  tlie 
temperature  of  the  room.  The  red  hydrogen  line  is  frequently 
dimly  visible  when  the  tension  has  fallen  to  four  or  five  milli- 
meten>,  but  is  neither  distinct  nor  relatively  bright  until  the 
pressure  is  much  less  than  that,  while  the  other  hydrogen  linea 
appear  distinct  only  after  a  much  higher  degree  of  rarefaction 
is  attained. 

The  first  trial  was  made  with  a  piece  of  meteoric  iron,  which 
ia  a  fragment  of  the  gi-eat  Texas  meteorite,  in  the  cabinet  of 
Yale  College.  This  meteorite,  of  which  a  description  has  been 
published,*  is  a  large  mass  weighing  742  kilograms,  having  the 
following  composition:  Fe,  ftO-91;  Ni,  8'46;  insoluble  portion 
oontainiuj:;  some  carbon,  O^SO.f  The  chips  produced  by  the 
borer  were  mostly  very  small  particles.  Much  of  the  metil 
was  reduced  to  powder,  and  the  coarser  portions  were  crushed 
in  the  process  of  boring,  so  as  to  destroy  the  solidity  of  the  iron 
and  break  up  its  structure.  A  quantity  of  the  borings  repre- 
senting iyZSi  cubic  centimeter  of  the  solid  iron  were  placed  iQ 
the  ghiss  tiil>c,  whi.-h  wns  then  fiistciiw!  in  ^U  plaoH.  The 
Stop-cock  was  closed  and  the  pump  set  in  operation.  When 
the  gauge  stood  at  17  mm.  the  cock  was  momentarily  opened, 
and  was  then  closed.  The  gauge  rose  to  about  100  mm.,  and 
when  the  pump  had  brought  it  down  aj^ain  to  17  mm.  the  spec- 
troscope was  applied  to  the  vacuum-tube.  The  red  hydrogeo 
line  was  seen  bright,  the  rest  of  the  spectrum  having  the  ordi- 
nary banded  structure  due  to  nitrogen  and  oxygen.  As  the 
exhaustion  proceeded  the  other  hydrogen  lines  appeared,  and 
when  the  tension  was  reduced  to  4  mm,  both  Ha  and  H;j  were 
bright  and  distinct.  Hj.  was  visible,  though  less  prominent 
The  carbon  bands  also  were  distinctly  seen.  At  2-5  mm.  pres- 
sure the  stop-cock  was  opened,  causing  the  gauge  to  rise  12-5 
mm.,  after  which  it  remained  nearly  stationarv  for  fifteen  min- 
utes, although  the  pump  was  in  action.  A  simple  calculation 
shows  that  the  first  rise  of  12-5  mm.  is  just  what  should  have 
been  produced  by  the  air  contained  in  the  tube  with  the  iron. 
But  the  fact  tliat  the  gauge  maintained  this  position  for  a  con- 
siderable time,  while  the  pump  was  continually  withdrawing 
the  air,  shows  that  the  iron  gave  off  a  portion  of  its  gas  with- 
out the  application  of  heat,  and  it  was  repeatedly  observed,  in 
other  experiments,  that  when  the  stop-cock  was  open,  and  the 
pump  not  in  action,  the  gauge  continued  to  rise  very  slowly, 
sometimes  as  much  as  two  millimeters  in  an  hour  or  two. 

*  Profs.  B.  SilUnum  and  T.  S.  Hunt  tbia  Jotinud,  n,  ii,  370.         f  Loc.  dL 
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A  gentle  heat  was  now  applied  to  the  tube  containing  the 
iron,  by  means  of  a  Bunsen  burner.  This  brought  the  gauge 
in  a  few  minutes  to  about  6  mm.,  and  produced  a  marked 
change  in  the  appearance  of  the  vacuum-tuoe,  which  before  had 
the  appearance  of  an  ordinary  hydrogen  tube.  The  light  in 
the  broad  portion  became  a  straight,  hazy  stream  of  a  dull 
greenish-white  color,  very  similar  to  that  given  by  a  tube  con 
taining  either  of  the  oxides  of  carbon.  After  the  tube  bad 
been  exhausted  to  2  mm.,  heat  was  again  applied  rather  more 
strongly  than  before,  but  still  below  redness,  carrying  the  gauge 
to  9  mm.  in  about  ten  minutes,  the  effect  upon  the  spectrum 
being  merely  to  increase  the  intensity  of  tne  carbon  bands. 
The  tube  was  now  wrapped  with  copper  foil,  and  the  tempera- 
ture, by  means  of  a  Bunsen  flame,  carried  to  low  redness,  so 
that  the  glass  sofVened  and  b^an  to  yield.  But  a  small  quan- 
tity of  gas  was  given  off,  the  gauge  at  the  end  of  ten  minutes 
standing  at  5  mm.  The  stop-cock  being  closed,  the  exhaustion 
was  continued  to  1*5  mm.  At  this  point  the  spectrum  was 
nearly  the  same  as  before,  but  was  somewhat  less  brilliant. 
Certain  other  lines  appeared  in  the  spectrum,  of  which  mention 
will  be  made  in  a  later  paragraph. 

A  second  set  of  experiments  was  made  with  a  specimen  of 
meteoric  iron  from  Tazewell  County,  Tennessee.  The  meteor- 
ite, of  which  this  was  a  portion,  weighed  when  found  twenty- 
five  kilograms,  and  has  the  composition,  Fe,  88*02;  Ni,  14*62  ; 
other  substances,  1*98.  No  carbon  was  found  in  it*  The  iron 
was  found  to  be  softer  than  the  previous  specimen,  and  was 
bored  with  comparative  ease,  the  fragments  produced  being 
coarser  than  those  from  the  Texas  iron.  The  experiments  were 
made  in  the  same  manner  as  in  the  previous  examination,  0*684 
cubic  centimeter  of  the  iron  being  placed  in  the  glass  tube  upon 
the  pump,  and  the  stop-cock  closed.  After  exhausting  to  one 
millimeter,  the  cock  was  opened  for  a  moment  to  withdraw  the 
air  from  the  specimen-tube,  and  then  closed.  This  produced  a 
rise  in  the  gauge  of  104  mm.  On  again  exhausting  to  one  mil- 
limeter, ana  opening  the  stop-cock,  the  gauge  rose  20  mm.,  not 
coming  to  rest  immediately,  but  continuing  to  ascend  slowly 
for  some  tima  From  calculation  it  appears  that  air  at  a  tension 
of  105  mm.  in  the  tube  containing  the  iron  would  raise  the 
mercury  in  the  gauge  about  15  mm.  only,  the  remaining  effect 
evidently  arising  from  evolution  of  gas  from  the  iron.  This 
the  spectroscope  confirmed,  as  the  red  and  green  hydrogen  lines 
were  brilliant,  even  before  the  pump  had  further  reduced  the 
pressure,  and  they  increased  in  relative  intensity  as  the  rarefac- 
tion increased.  The  carbon  bands,  if  present,  were  not  espe- 
cially noticeable,  as  there  is  no  record  of  them  in  the  notes  of 
the  experiment 

*  Prol  J.  L.  Smith,  fliis  Journal,  n,  six,  16^. 


The  tube  containing  the  iron  being  strongly  heated,  g&s  wu 
given  off,  which  brought  the  gauge  to  29  mm.  in  about  16 
minutes.  The  heat  waa  such  as  to  redden  and  soften  the  glass. 
The  vacuum  lube,  when  the  discharge  was  passed  through  it, 
appeared  like  an  ordinary  tube  containing  carbon  compounds, 
and  the  spectrum  gave  the  hydrogen  lines  very  brilliantly, 
with  the  four  chief  carbon  bands  in  great  strength.  The  cock 
was  again  closed  and  the  pump  set  in  operation,  the  spectrum 
being  observed  from  time  to  time  throughout  the  process  of 
exhaustion.  As  the  tension  of  the  gas  decreased,  the  liydr<igea 
linee  became  relatively  stronger,  and  the  carbon  banda  grew 
narrower;  the  one  in  the  red  beginning  to  be  resolved  into 
lines  when  the  pressure  was  much  reduced.  At  1  mro.,  the 
carbon  bauds  were  still  prominent,  and  some  narrow  hands 
belonging  to  nitrogen  were  observe*!. 

In  the  first  of  tlie  specimens  of  iron  thus  far  examined,  the 
proportion  of  carbon  found  by  chemical  analysis  was  very 
small,  and  in  the  second  none  at  all  was  detected.  The  ihiM 
series  of  experiments  was  made  with  an  iron  containing  a  lai^er 
amount  of  carbon.  This  was  a  fragment  of  the  well-known 
meteorite  from  Arva,  in  Hungary,  which  has  the  foUowiag 
composition  :  Fe,  90'471 ;  Ni,  7'321 ;  residuum  containing  cm- 
bon,  silica,  and  cobalt,  1-404*  On  attempting  to  bore  inW 
this  iron,  as  had  been  done  with  the  others,  great  difficulty  waa 
experienced,  as  the  metal  has  nearly  the  hardnes-s  of  sleel 
After  the  expenditure  of  much  labor,  a  sufficient  quantity  of 
the  iron  was  obtained  for  the  examination,  representing  0'224 
cubic  centimeter  of  the  solid  metal.  It  was  in  a  state  of  minute 
subdivision,  being  almost  entirely  reduced  to  tine  powder. 
After  it  was  placed  in  the  tube  connected  with  the  pump,  the 
air  was  exhausted  from  the  latter  as  long  as  any  change  wai 
visible  in  the  gauge,  bringing  it  finally  very  nearly  to  zero. 
The  stop-cock  had  been  closed  from  tlie  first  The  work  hav- 
ing beeu  interrupted  for  several  days,  tiie  gauge  was  found,  on 
resuming  it,  not  to  have  suffered  the  slightest  change,  showing 
that  the  joints  of  the  pump  were  perfectly  tight.  The  gauge 
rose,  on  opening  the  stop-cock,  to  98  mm.  As  the  gases  were 
rarefied  by  the  pump,  the  hydrogen  lines  shone  out  very  bril- 
liantly when  the  pressure  was  reduced  to  a  few  millimeters, 
and  at  2  mm.,  the  vacuum  tube  had  to  the  eye  the  appearance 
of  an  ordinary  hydrogen  tube  while  the  electric  discaarge  was 
passing  through  it.  At  this  pressure,  the  second  and  third  i 
carbon  bands,  counting  from  the  red  end,  were  quite  bright  ; 
The  pump  was  stopped  when  the  tension  was  reduced  to  I'O 
mm.,  nut  the  gauge  rose  very  slowly,  gaining  about  a  milli- 
meter in  three  nours.  The  spectrum  was  as  before  except  that 
■  Analysia  of  A.  Lowe.     Notice  in  this  Journal,  n,  viii,  439. 
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the  first  carbon  band  was  now  visible,  and  the  others  were 
stronger.  There  could  be  no  question  as  to  the  evolution  of 
both  hydrogen  and  the  cai'bon  gases,  without  the  apphcation 
of  heat,  by  simple  diminution  of  the  atmospheric  pressure. 

A  very  gentle  heat  was  applied  to  the  tube  for  a  few  minutes, 
making  it  hardly  warm  enough  to  give  pain  when  touched  by 
the  hand.  This  had  the  effect  to  raise  the  gauge  to  28  mnL 
in  fifteen  minutes,  and  cause  an  entire  change  in  the  appearance 
of  the  vacuum-tube,  which  became  greenish  in  the  broad  part, 
like  those  in  the  former  experiments.  The  spectrum,  when  the 
pressure  was  reduced  to  a  few  millimeters,  snowed  the  carbon 
oands  quite  bright,  and  as  the  pressure  decreased  the  first  one 
became  clearly  resolved  into  five  fine  lines  nearly  equidistant, 
upon  a  faintly  luminous  background. 

A  somewhat  stronger  heat  was  now  brought  to  bear  upon 
the  tube,  but  far  less  than  would  have  been  necessary  to  bring 
it  to  redness,  as  it  was  desired  to  avoid  the  possibility  of  error 
from  the  oxidation  of  the  carbon  by  traces  of  oxygen  left  in 
the  tuba  The  gauge  rose  to  50  mm.,  sinking  to  47  mnru  as 
the  tube  regained  its  ordinary  temperature,  doubtless  from  the 
contraction  of  the  gas  on  cooling;  for,  on  subseq^uently  ex- 
hausting, it  was  found  that  the  gauge  continued  to  nse,  tllough 
with  extreme  slowness.  The  spectrum  did  not  differ  essen- 
tiallv  from  that  before  observed,  except  in  the  greater  intensitv 
of  the  carbon  bands.  A  few  cubic  centimeters  of  the  gas,  col- 
lected during  the  second  heating,  when  tested  (jualitatively, 
gave  evidence  of  the  presence  of  hydrogen,  carbonic  oxide,  and 
carbonic  di-oxida  The  proportion  of  the  latter  did  not  appear 
bo  be  more  than  three  or  four  per  cent,  that  of  the  carbonic 
oxide  being  probably  greater.  The  gas  burned  with  a  flt^me 
like  that  of  hydrogen.  The  tube  was  subsequently  heated  to 
redness,  and  kept  at  that  temperature  until  the  gauge  became 
very  nearly  stationary,  the  change  in  it  being  so  slow  as  to  be 
scarcely  perceptible.  Enough  gas  was  given  off  to  raise  the 
Qiercary  to  88  mm.,  after  which  the  heat  was  discontinued. 

For  the  sake  of  comparison,  a  trial  was  made  with  borings; 
from  a  ball  of  soft  iron.     The  ball  had  a  diameter  of  three  cen-- 
timeters,  and  was  solid.     The  exterior  was  covered  with  rust 
The  examination  was  made  in  the  same  manner  as  in  the  pre- 
vious cases,  excepting  that  the  stop  cock  remained  open  during 
the  process  of  exhaustion.     When  the  tension  was  reduced  to 
9  mna.  the  red  and  green  hydrogen  lines  were  brilliant,  and  the 
sarbon  bands  appeared,  with  feeble  intensity,  as  the  rarefaction 
increased.     On  heating  the  tube  strongly,  though  not  to  red- 
ness, gas  was  given  off  in  abundance,  raising  the  mercury  in, 
the  gauge  to  28  mm.  in  a  few  minutes,  and  causing  the  vacuum. 
tube  to  assume  the  appearance  of  an  ordinary  CO  or  CO,  tube,. 
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The  Bpectrum  also  showed  a  great  increaae  in  the  intensity  d 
the  carbon  bands.  It  waa  in  everv  way  similar  to  that  lA- 
served  in  the  case  of  the  meteoric  irons,  except  thut  the  reii 
tive  intensities  of  the  parts  due  to  hydrogen  and  the  oxide"  ti 
carbon  were  different,  indicating  a  much  smaller  jirojiortioD  of 
the  former.  The  hydrogen  lines  neither  appeared  so  early,  not 
were  they  so  bright  as  in  the  former  expemnenta. 

Although  foreign  to  the  main  purpose  of  the  investigation, 
it  aeemeil  of  interest  to  determine  the  amount  of  the  gase>«u 
products  yielded  by  the  three  specimens  of  meteoric  iron.  Bt 
measurement  it  waa  found  that,  when  the  tubes  contoinirig  tlw 
iron  borings  were  attached  to  the  pump,  the  gauge  was  lowered 
10"4  millimeters  for  every  cubic  centimeter  of  gas  carried  out 
by  the  mercury.  It  was  thus  easy  to  find  the  amount  ot  ga* 
given  off  by  simply  obaervine  the  reading  of  the  gauge.  From 
calcaktionsmade.in  this  way  it  was  ascertained  that  the  Tesai 
iron  gave  off  475  times  its  volume  of  the  mixed  gases,  and 
the  Tennessee  iron  i  69  volumes.  Although  it  was  evident  tiiai 
tiie  greater  portion  of  the  gas  had  been  driven  oft"  by  a  com- 
paratively moderate  elevation  of  temperature,  the  whole  amoum 
was  by  no  means  exhausted,  as  the  beat  was  withdrawn  befoR 
the  evolution  of  gas  had  entirely  ceased.  Tbesie  volumes,  it 
will  be  observed,  are  considerably  larger  than  those  ohtaiiicii 
by  Graham  and  Mallet  from  the  specimens  examined  by  tbem. 
This  is  probably  due  to  the  minute  subdivision  of  llie  imn, 
which  would  favor  a  more  rapid  and  complete  evolution  of  the 
gas.  It  was  found,  in  their  exfwriments,  where  the  iron  was  in 
a  single  solid  mass,  that  gas  was  still  given  off  after  the  high 
temperature  had  been  continued  for  aeveral  hours. 

In  the  case  of  the  iron  from  the  Arva  meteorite,  which  was 
in  the  state  of  fine  powder,  the  yield  was  very  much  greater,  a 
little  more  than  thirlv  volumes  of  gas  being  given  off  in  ihe 
experiments  already  described,  in  which  the  highest  tempera- 
ture was  far  below  a  red  heat  On  subsequently  beating  the 
tube  and  its  contents  to  low  redness  fourteen  volumes  more 
eame  off,  making  the  whole  amount  somewhat  more  than  forty- 
four  volumes,  not  reckoning  the  additional  quantity  gained  in  a 
subsequent  exjieriment  It  seemed  not  imiiossibfe  that  a  por- 
tion of  this  large  amount  of  pas  might  be  atmospheric  air 
condensed  upon  the  tine  particles  of  iron,  but  it  was  difHcutt 
to  determine  this  point  with  certainty.  After  the  last  heating 
just  mentioned,  the  iron  was  removed  from  the  tube,  exposed 
to  the  air  for  several  hours,  and  then  replaced.  On  re-heating 
it  very  strongly  a  considerable  amount  of  gas  was  evolved,  but 
the  spectroscope,  when  applied  to  the  vacuum-tube,  showed  the 
presence  of  hydrogen  and  the  carbon  compounds  as  before. 
making  it  probable  that  the  increase  due  to  condensed  air  was 
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►t  large.  The  recent  experiments  of  M.  Cailletet*  show  that 
fiinary  iron,  under  certain  conditions,  as  when  electrolytically 
posited,  may  absorb  nearly  two  hundred  and  fifty  times  its 
>lume  of  hydrogen. 

The  descriptions  of  the  spectra  thus  far  given  have  reference 
those  lines  and  bands  which  were  caused  by  the  presence  of 
^drogen  and  the  oxides  of  carbon.  The  vacuum-tubes  ex- 
bited  diiferences  depending  chiefly  upon  the  relative  propor- 
)ns  of  these  gases  present,  and  which  have  already  been 
fficiently  noted.  In  the  spectra  from  all  the  tubes  there  ap- 
ared  a  number  of  other  Imes,  which  were  found  to  belong, 
r  the  most  part,  to  oxygen.  The  tube  containing  gases  from 
e  Tennessee  meteorite  gave  also  several  lines  due  to  nitrogen, 
le  latter  were  somewhat  different,  as  to  the  order  of  their 
lative  intensities,  from  those  observed  with  nitrogen  alone, 
one  of  them  were  very  bright,  and  it  was  a  matter  of  some 
fficulty  to  fix  their  positions  with  entire  accuracy  by  measure- 
ent.  The  observations  were  made  with  a  spectroscope  of  six 
isms,  with  a  repeating  prism,  giving  the  dispersion  of  twelve 
all.  One  of  the  lines  appeared  to  coincide  with  the  chief 
ronal  line  1474  KL,  but  it  is  not  so  sharp  as  the  latter  appears 
the  solar  spectrum.  A  narrow  and  rather  faint  band  appears 
this  point  alsp  in  the  spectrum  of  the  electric  spark  between 
atinum  points  in  air.  Of  the  oxygen  lines,  one  falls  some 
stance  below  1474,  having  the  position  1462  K.,  very  nearly, 
lis,  though  not  brilliant,  is  the  strongest  line  in  that  region 
the  oxygen  spectrum  as  obtained  from  a  vacuum-tube.  It 
is  very  near  the  position  assigned  to  a  bright  coronal  line  by 
B  Italian  observers,  Denza  and  Lorenzoni,  of  the  eclipse  of 
^c.  22,  1870.t  The  former  gives  1463  K.  as  the  approximate 
sition,  while  the  latter  assigns  the  same  number,  with  the 
mark  that  the  probable  error  of  the  reading  is  four  divisions 
Kirch hoff^s  scale.  A  second  line  of  oxygen,  less  bright,  but 
arp  and  distinct,  has  the  position  1359ifcl  EL  A  coronal 
le,  which  also  appears  in  the  auroral  spectrum,  has,  from  Prof. 
:>ang'8  observation,  the  position  1850it20  K.,  but  the  limits 
us  stated  are  too  wide  to  give  the  supposition  of  a  coinci- 
nce  between  it  and  the  oxygen  line  anything  more  than  a 
»ubtful  probability. 

These  hues  of  oxygen  and  nitrogen  in  the  spectra  observed 
B  somewhat  variable  in  their  character,  doubtless  owing  to 
e  presence  of  the  hydrogen,  for  the  same  appearances  can  be 
produced  substantiaJly  by  employing  a  mixture  of  these  gases. 
jveral  experiments  were  made  with  a  tube  containing  at  first 
Jy  air.     When  this  was  exhausted  the  bands  arising  from 

^  V  Institat.  Nouy.  S^.,  Ann.  3,  p.  44. 
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the  compounds  of  nitrogen  and  oxygeu  appeared  as  usual,  but 
on  admitting  a.  little  bydrogen  tbe  Hpectrum  was  completely 
changed,  ana  lines  appeared,  belonging  to  oxygen  and  nitrc^en, 
the  one  or  the  other,  or  both,  according  to  the  amount  of  the 
gases  present,  and  varying  with  tbe  temperature  and  pressure. 
Lockyer  and  Frankland,  in  their  experiments  upon  mixture* 
of  bydrogen  and  nitrogen,*  found  that  tbe  result  was  not  s 
mere  superposition  of  the  spectra  of  the  two  gases,  but  that  the 
presence  or  absence  of  lines,  and  their  relative  intensities,  de- 
pended upon  the  proportions  of  tbe  two  gases,  as  also  upon  tbe 
degree  of  rarefaction,  and  the  energif  of  the  electric  discharge. 
It  will  be  seen,  then,  that  the  investigation,  so  far  as  the 
presence  of  new  substances  in  the  gases  of  meteoric  iron  is  con- 
cerned, gives  only  a  negative  result.  But  the  fact,  incidentally 
observed,  of  the  varying  cliaracter  of  the  oxygen  and  nitrogen 
lines  in  the  prasence  of  hydrogen,  and  tbe  near  coincidence  of 
two  of  them  with  prominent  coronal  lines,  with  the  possible 
coincidence  of  a  third  line,  goes  to  show  that  the  characteristic 
lines  in  the  spectrum  of  the  corona,  so  far  from  indicating  the 

Eresence  of  otherwise  unknown  elements,  are  due  simply  to 
ydrogen  and  tbe  gases  of  the  air,  namely,  oxygen  and  nitrogea. 
Yale  CoUege,  Mttrch  18,  1S7B. 


Art.  XXXIII, — TTie  DtKoveri/  of  Oie  duplicily  of  the  principal 
Suit  of  :^  1097;  by  S.  W.  Burnham. 

The  naked-eye  star,  B   A.  0.  2470,  is  given  in  Afensurm  Mi- 

cromftrlccE  as  a  wide  pair,  the  secondary  being  of  Struve's  8'7 
magnitiida     The  following  measures  have  been  made  : — 


Struve 

(1832-1) 

D  =  20-20 

P  =  312-1 

Smyth 
Radclifle 

(1834-11 

20-00 

316-0 

(1863-1) 

20-52 

311-3 

Sir  John  Herscliel  subsequently  noted  another  companion  of 
the  12tb  magnitude  at  an  estimated  distance  of  25".  A  short 
time  since  I  examined  this  with  my  6-incb  Clark  refractor  to 
get  the  position  angle  of  tbe  third  star,  which  Hersohel  has  not 
given,  and  perceived  at  once  that  the  bright  star  of  the  group 
was  itself  a  close  doubia  The  components  are  separated  only 
about  0"'7,  and  considerably  unequal,  being  6  and  7J  ma^i- 
tudea  No  suitable  opportunity  has  since  occurred  to  measure 
the  angle,  but  the  close  pair  and  the  distant  companion  appeared 
to  be  almost  exactly  in  tbe  same  line.  Taking  the  latest  meas- 
ures of  Struve's  pair,  with  the  estimated  distances  and  angles 
•  a^-.  DKvgias^  p.  630. 
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e  new  and  distant  companions,  the  system  would  stand  as 
j?8: — 


AandB 

D=  0-7  =h 

P=  160- 

AB  and  C 

20-62 

311-2 

AB  and  D 

30-     -b 

160-  : 

e  star,  D,  is  very  nearly  one  and  a  half  times  the  distance 
With  a  power  of  400,  my  instrument  just  separates  the 
pair. 

ago,  March  13th 


SCIENTIFIC    INTELLIGENCE. 

I.  Chemist  KY  and  Physics. 

On  JEthyl  Phosphite  and  the  GonstlttUion  of  Phosphorous 
— Under  the  direction  of  Professor  Wislicenus,  Zimmbrmann 
lade  some  experiments  upon  ethyl  phosphite,  with  a  view  to 
el  the  constitution  of  phosphorous  acid.  The  ether  was 
red  by  a  modification  of  Railton's  method,  i.  e.,  by  acting 
80<Iium  ethylate  with  phosphorous  chloride,  special  precau- 
being  taken  to  ensure  the  dryness  and  piirity  of  the  materials, 
rield  was  from  65  to  70  per  cent  The  properties  of  the 
phosphite  agreed  with  those  described  by  Kailton ;  it  was  a 
reeably  smelling  liquid  of  1-076  sp.  gr.,  boiling  in  the  air  at 
soluble  in  water,  alcohol,  and  ether,  and  slowly  decompos- 

contact  with  the  air.  On  analysis  it  yielded  numbers  cor- 
iding  to  the  formula  POaCgHjj.  Upon  saponification  and 
utation  with  barium  chloride,  a  banum  phosphite  oorres- 
ng  to  the  formula  (BaHPOjjj+HjO  was  obtained,  thus 
ig  that  the  ether  had  not  the  composition  CgH^PO  (OC.H  j)j,. 
hyl  phosphite  was  formed.  Oxidation  with  nitric  acia  gave 
horic  and  oxalic,  but  no  ethyl-phosphoric  acid.     Oxidation 

air  converted  it  into  ethyl  phosphate.  Heated  in  a  sealed 
;o  250®  for  ten  hours,  hydrogen  phosphide  and  ethylene  gases 
evolved,  and  phosphoric  acid,  but  no  triethyl  phosphine 
ned  in  the  liquid.     The  reaction  appears  to  be 

(P(0C,Il3),),  =  (PO(OH)3)3+PH,+(C,HJ,. 

"eating  the  pure  crystallized  acid  with  sodium  hydrate  in 
I,  and  adding  absolute  alcohol,  a  syrup  was  precipitated 
I,  after  washing,  showed  a  weak  alkaline  reaction.  Placed  in 
lum  over  sulphuric  acid,  it  showed  no  tendency  to  crystallize 
after  months.  Upon  analysis  it  yielded  phosphorus  and 
n  in  the  ratio  of  1 : 3.  The  author  believes  consequently  in 
xistence  of  tribasic  phosphorous  acid,  the  normal  acid  of 
ent  phosphorus,  ana  a  trihydroxyl  derivative. — Idebig^s 
clxxv,  1,  Dec.  30,  1874.  g.  f.  b. 


'Uigence. 

2.  New  Salts  and  Reaction*  of  Cfeaitim  and  Rubidium. — Some 
time  ago  Godkffkoy  described  the  precipitate  jirodnc^d 
Cfceium  solntiona  by  antinicmoue  chloride.  (To  this  he  now 
asBigns  the  formula  (CsC'ljgSbClj.)  He  has  cootlnned  bis  iuti* 
tigation  and  now  announces  that  not  only  antinionons  chlnriilt:, 
but  the  chlorides  of  many  other  raetab  give,  with  ca.'eiiim  sialU, 
crystalline  precipitates,  difficultly  soluble  in  hydrochloric  acii 
He  mentions  of  these:  iron-ciesinm  chloride  FpjC1,(CbCI1,; 
biBmuth'Cffisiam  chloride,  BiCL(CsCl), ;  zinc-ciesiam  ehlori<le, 
ZnCl,{CaCl)a  ;  cad mium-cte slum  chloride,  CdCl,(CsCl)j, ;  mer- 
curic-ciBBinm  chloride,  HgCla^CBCl)^ ;  cnpiier-csBBium  chloride 
CuCL(CbC1)j;  manga nese-CRBinm  chloride  MnClj(CBCl)j;  and 
nielcel-cipaium  chloride,  NiCljtCBCI)^.     These  salts  fall  readily  m 

frecipitates  when  the  metallic  chloride,  dissolved  in  .wuceiitrated 
ydrochloric  acid,  is  mixed  with  a  similar  solution  of  cR^ium 
chloride.  The  double  salts  are  vei-y  soluble  iu  water  and  in 
dilute  hydrochloric  acid,  but  cryxtallizo  out  easily  on  evauoralioo. 
An  inveatigation  was  then  made  into  the  behavior  of  the  other 
aikali-metals  and  of  ammonium  with  the  metallic  chlorides  above 
mcutioued,  but  no  resulta  were  obtiiiiied  with  any  of  them  except 
rubidinm,  whifh  gave  with  the  chlorides  of  antimony,  bismutn, 
iron,  zinc,  cadmium,  mercury,  copper,  manganese  and  nickel, 
beautifully  crystallized  double  salta,  completely  analogous  with 
the  cttsium  double  chlorides  in  composition.  Since  these  csesium 
ults  are  not  perfectly  insoluble  except  in  conoeotratcd  acid,  only 
the  platinoKiDloride  can  he  used  for  its  separation. — Ber.  Bm. 
Chew.  ee«.,  viii,  9,  .Ian.,  1875.  .;.   f.   n. 

3.  On   Dietliyk'irbinol,  fr.  new  Isomer  -f  - 1 >,•>/!  cilc-Ziol—The 
present  theory  of  chemical  constitution  points  out  the  e 
eight  isomeric  amyl  alcohols,  of  which  foui 
secondary  and  one  is  tertiary.    These  ar 

Priinari/. 


eo( 


en. 


arblnol. 

Srcondjirj-hinyl 

^^s^ar" 

■ondarif. 

Tertian/. 

(  CII, 
CH'j  CII, 
CH, 
OH 

CHjCHj 

CH^CHj 

'CHOH 

CH, 

OH 


Of  these  alcohols,  the  firat  discovered  and  ihe  best  known  is  llie 
one  produced  during  the  fermentation  of  grain,  ])otatoes,  beet 
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roots,  etc.,  and  known  as  fusel  oil  It  was  discovered  by  Dumas 
in  1835  and  its  constitution  was  fixed  by  Erlenmeyer  in  1867,  by 
proving  that  it  yielded  on  oxidation  a  valeric  acid  identical  with 
one  prepared  by  him  from  isobutyl  cyanide,  and  also  with  the  iso- 
propylacetic  acid  of  Frankland.  It  is  therefore  the  second  of  the 
alcohols  above  given,  viz.,  isobutyl-carbinoL  Wurtz,  in  1862,  pre- 
pared a  second  amyl  alcohol  from  amylene,  which  was  proved 
subsequently,  both  by  himself  and  Kolbe,  to  be  the  sixth  alcohol 
above  given,  viz.,  methyl-isopropyl-carbinoL  The  third  amyl  alco- 
hol was  produced  synthetically  by  Popoff  in  1867,  by  acting  with 
zinc  ethyl  on  propionyl  chloride.  This  synthesis,  as  well  as  its 
oxidation  products,  proved  it  to  be  the  eignth,  or  tertiary,  alcohol 

fiven  above,  viz.,  di  methyl-ethyl-carbinoL  Wurtz  in  1868  pro- 
uced  a  fourth  isomer,  which  he  called  ethyl-allyl-hydrate,  since  it 
was  prepared  by  the  action  of  zinc  ethyl  on  ally!  ioaide.  It  corre- 
sponds to  formula  number  five  in  the  above  list,  being  methyl-pro- 
pyl-carbinoL  The  fifth  isomer  was  prepared  in  1870  from  normal 
Dutyl  cyanide,  by  Lieben  and  RossL  Its  mode  of  preparation  as 
well  as  its  oxidation  product,  normal  valeric  acid,  prove  it  to  be 
the  first  of  the  series,  or  normal  butyl-carbinol.  Only  three  of  the 
possible  amyl  alcohols  remain,  therefore.  Wagneb  and  Saytzefp 
now  communicate  the  discovery  of  one  of  the  two  remaininiij  sec- 
ondary amyl  alcohols,  viz.,  di-ethyl-earbinol.  The  method  by 
which  this  was  accomplished,  which  is  general,  was  sugscested  by 
the  fact  discovered  by  Frankland  and  Duppa,  that,  while  the 
action  of  an  organo-zinc  compound  upon  oxalic  ethcre  caused  the 
substitution  of  a  hydrocarbon  radical  for  oxygen  in  one  of  the  car- 
boxy  I  groups,  a  further  similar  substitution  in  the  second  earboxyl 
froup  could  not  take  place ;  a  condition  being  produced  by  the 
rst  substitution,  which  is  unfavorable  to  the  second.  Hence  the 
facility  of  substitution  of  the  oxygen  of  a  earboxyl  group  by  a 
hydrocarbon  radical  belongs  only  to  those  ethers  in  which  the  ear- 
boxyl group  is  not  in  combination  with  any  radicals,  the  carbon 
and  hydrogen  being  directly  united.  For  these  reasons,  zinc  ethyl 
should  act  upon  ethyl  formate  to  produce  a  compound  which, 
acted  on  by  water,  should  yield  a  secondary  amyl  alcohol.  Ex- 
periment fully  confirmed  this  view.  A  series  of  trials  led  to  the 
adoption  of  the  following  method  of  procedure :  In  a  flask  con- 
nected with  an  inverted  condenser  are  placed  four  molecules  of 
ethyl  iodide,  one  of  ethyl  formate,  a  small  quantity  of  zinc-sodium, 
and  enough  granulated  zinc  to  fill  the  flask  to  the  level  of  the 
liquid.  The  whole  was  heated  on  the  water  bath,  under  slight 
pressure,  until  it  ceased  to  boil  and  no  more  gas  was  evolved. 
After  cooling  the  crystalline  mass  was  treated  with  iced  water, 
then  with  hydrochloric  acid  to  dissolve  the  zinc  hydrate,  and  sub- 
mitted to  distillation.  From  the  distillate  the  diethyl-carbinol 
was  obtained,  as  an  imperfectly  mobile  liquid,  having  the  irritating 
odor  belonging  to  common  amyl  alcohol.  Its  sp.  gr.  is  0*822  at 
0**,  and  it  boils  at  1 1 6°-l  1 7**.  On  oxidation  it  yields  diethylketone. 
Several  of  its  derivatives  are  described.    The  authors  have  also 


a.  F.  a 

4.  Prothietion  of  AUyl  alcohol  in  the  dry  Diatillation  of  Wood. 
— AitoNHiBH  has  discoverud  allyl  alcohol  among  the  prodncta  uf 
the  dry  disliUalion  of  wood.  The  crude  wood  suirit — which  ovh 
its  pcuetratiog  odor  to  this  substance — after  aistillation  of  the 
methyl  alcohol,  leaves  a  residue  having  a  density  of  76"  to  78' 
TraUed.  This,  upon  repeated  fi-aciiouiiig  over  canst  ic  Hme,  affurds 
a  dlHtillate  hoiling  at  SS-SS",  poRseseiiig  the  odor  of  allyl  alcohol 
The  low  boiling  point  is  due,  however,  as  analysis  showed,  to  the 
presence  of  a  molecnlc  of  water,  which  could  not  be  removed  by 
fractional  distillation.  When  dehydrated  by  chemical  means,  thf 
boiling  point  rose  to  96-97°,  which  is  that  of  the  pure  allyl 
alcohol  The  identity  of  the  |)roduct  was  further  established  by 
dii'ect  conversion  into  bibromhydrin,  boiling  at  217°  and  into 
allyl  iodide,  i)oiling  at  101°. — Btr.  SerL  Chen..  Uea.,  vii,  13S1, 
Nov.,  1874.  H.  F.  B. 

6.  On  the  Gasai  evolved  from  Apples. — Bbnder  has  made  au 
examination  of  the  gaaee  evolved  from  ripe  apples.  The  fruii  cut 
in  pieces  was  placed  in  water  free  frt>m  air  contained  in  a  flask  fur- 
nistied  with  a  delivery  tube.  On  raising  the  temperature  to  til", 
the  gas  began  to  come  off,  and  at  100°,  the  evolution  was  rapid. 
Fom-  uiddemlely  sized  apples  afforded  about  100  c.c  of  gas. 
"Upon  eudiometnc  analysis  this  gas— great  care  having  been  takeu 
to  exclude  the  air— was  proved  to  consist  of  5P-37  iier  cent  of  ni- 
trogen, and  4(J'20  per  cent  of  carbonic  acid,  the  I'emaming  0'43  per 
cent  being  oxygen.  In  a  subsequent  experiment,  31'07  per  cent 
of  the  gas  was  carbonic  acid  and  d893  per  cent  of  nitrogen.  The 
author  believes  that  the  carbonic  acid  comes  from  a  fermentation 
within  the  fruit,  the  ferment  beitig  produced  at  the  time  of  ripen- 
ing.—.Ber.  Jierl,  Vhem.  Qes.,  viii,  112,  Feb.,  1875.  g.  f.  r 

6.  On-  the  Influence  of  Light  upon  Cane  'Sugar. — Krei  sleb 
has  made  a  series  of  experiments  to  test  the  asseriiou  of  Kaoult 
that  pure  cane  sugar  in  aqueous  solution,  both  !iir  and  ferments 
being  completely  absent,  underwent  an  inversion  solely  through 
the  influence  of  light.  While  Baoult  used  only  a  solution  con- 
taining 10  grams  of  white  sugar  to  60  grams  ot  water,  Kreusler 
emjiloyed  solutions  of  various  strengths.  These  were  sealed  up  in 
glass  tubes,  after  careful  exhaustion,  and  with  the  exception  of  one, 
were  exposed,  in  a  window  facing  the  southeast,  to  the  direct  sun- 
light for  eleven  months;  more  than  twice  the  time  given  by 
B-ioult.  On  opening  the  tubes,  they  still  showed  a  good  vacuum, 
and  the  liquid  was  clear  and  free  from  microscopic  vegetation  of 
any  soit.  But  when  tested  with  Fehling's  solution,  neither  the 
liquid  exposed  to  the  light  nortb.it  preserved  in  darkness  gave  the 
slightest  reaction,  U|>on  repeating  the  experiment,  however,  tat 
ing  care  to  introduce  a  small  quantity  of  air  mto  the  tubes  before 
sealing,  organic  ferments  were  found  present,  and  the  liquid  re- 
duced stronglythe  copper  test ;  that  exposed  to  light  being  the 
more  active.  The  author  believes  therefore  that  an  imperfect  ex- 
haustion in  Kaoult's  tubes  was  the  cause  of  the  results  he  describes. 
~£er.Berl  Cftem.  G6«.,Vm,ftX,"S«\).,\ft1s.  o.f.  a 
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7.  Reflecting  Lever, — M.  Corntj  has  devised  an  extremely  simple 
ut  ingenious  substitute  for  the  spherometer  which  he  calls  the  re- 
ecting  lever,  or  reflecting  spherometer.  Suppose  a  short  lever  like 
le  beam  of  a  balance  supported  on  four  points,  one  at  each  end,  and 
wo  replacing  its  central  knife-edge;  also  that  a  vertical  plane  mir- 
3r  is  attached  above  it  in  a  plane  perpendicular  to  its  length.  If  now 
le  four  points  lie  in  one  plane  and  a  thin  plate  is  placed  under  the 
cvo  central  ones,  the  lever  will  be  in  unstable  equilibrium,  and  will 
3ck  from  side  to  side.  Viewing  with  a  telescope  the  reflection  of 
distant  scale,  the  thickness  of  the  plate  is  readily  deduced  from  the 
ngular  motion.  For,  calling  i  the  inclination  of  the  beam,  p  the 
tiickness  of  the  plate,  and  I  the  half  length  of  the  lever,  we  have 

n  2=4-9  Of  1^  2  ^B  small,  jE>=^7.    The  motion  of  the  beam  is  double 

^  » 

lis,  and  the  reflected  ray  travels  twice  as  rapidly  as  the  mirror ; 

ence  calling  n  and  n'  the  two  readings,  and  JD  the  distance  of  the 

n^  n^ 
sale,  we  have/?^t7=— -=r  L     If  the  four  points  do  not  lie  in  one 

lane  a  correction  is  readily  applied.  Comparing  the  results,  he 
includes  that  while  this  instrument  is  very  easily  made  and  abso- 
ite  measures  readily  obtained  within  a  tenth  of  a  per  cent,  it  com- 
ares  favorably,  even  in  accuracy,  with  the  best  spherometers. 
This  instrument  is  also  readily  applicable  to  the  measurement 
f  curvatures  and  for  many  other  purposes  where  a  minute  change 
F  position  is  to  be  noted. — Journ.  de  Phys.,  iv,  7.  e.  c.  p. 

8.  3faps  of  the  Solar  Spectrum. — Mr.  Lockyer  laid  before  the 
loyal  Society,  at  a  recent  meeting,  a  portion  of  a  new  map  of  the 
>lar  spectrum.  The  scale  is  four  times  that  of  Angstrom  and  in- 
iudes  the  portion  between  the  wave-lengths  39  and  41.  A  photo- 
raphic  pnnt  of  the  spectrum  was  employed,  and  from  it  curves 
ere  constructed  by  which  the  wave-lengths  of  the  new  lines  were 
btained  graphically.  In  AngstrSm's  map  (spectre-normal)  3d 
nes  are  given  withm  these  limits ;  Angstrbm  and  Thalen's  map, 
85  ;  Comu's  new  map,  205  ;  and  in  the  present  map,  618. 

The  spectra  of  the  following  metals  are  also  given :  Fe,  Co,  Ni, 
[n,  Ce,  U,  Cr,  Ba,  Sr,  Ca,  K,  Al,  representing  416  lines. — Nature^ 

Oo.  B.  C.  P. 

9.  Mr.  J.  H.  N.  Hennessey  has  also  prepared  a  map  of  the 
tmospheric  lines  drawn  on  the  same  scale  as  that  of  Kirchhoff. 
be  oDservations  were  made  at  an  elevated  point,  and  the  spec- 
•um,  when  the  sun  was  high,  compared  with  that  at  sunset, 
observations  were  also  made  to  ascertain  whether  any  of  the  lines 
hich  appeared,  when  the  sun  was  low,  were  due,  not  to  specific 
Lmospheric  absorption  but  to  the  general  weakening  of  the  light, 
he  intensity  of  the  spectrum  was  reduced  in  various  ways,  but 
le  best  results  were  obtained  by  observing  the  sun  through  a 
ize,  with  the  result  that  none  of  the  additional  lines  appeared  to 
ave  any  other  origin  than  elective  atmospheric  absorption. — 
^atvrey  278.  e.  c.  p. 


Oeuntifie  ftUfOigaite. 


10.  M.  Corn  u  haa  jirepared  s  map  of  the  oltra-violet  portiiraa  of 
the  ifiectnun,  to  form  a  continnation  of  ihat  of  Angstrom  aikl 
Thalen.  It  ioolndt^,  to  commog  with  their  map,  the  portimi  from 
hlo  S,  but  fuxttaine  a)>out  four  timc«  aa  many  liaee.  Compared 
with  the  plate  of  Maacart,  it  haa  the  double  advaat«^  of  bang  a 
normal  map,  that  is,  the  pi:>sition  of  the  rays  are  proponioaal  to 
their  waTe-length,  and  that  the  general  appearance  of  the  lin««  U 
repn-'sented  more  Eaithfnlly.  Tbrte  series  of  photographs  were 
taueu  with  a  ruled  plate  of  Nobtrt,  a  flint-^lase  prism  and  a  pri^m 
of  Iceland  apar,  oNng  the  ordinary  ray.  t  rom  the  fit«t  of  the:$e. 
Coniu  determined  the  wavc-lengtbs  of  36  of  the  more  marked  lines 
which  aerve  aa  a  battie  for  the  rvA.  'I'be  prismatic  spectra  are 
mure  diBlinct  and  of  greater  extent,  and  from  them  he  has  deduced 
over  six  hundred  additional  rays  between  A' and  O,  or  between  the 
wav«^leiigtbs  of  4100  itnd  3S37.  The  agreement  of  the  principal 
limit  with  the  meaauremeiita  of  Mascurt  ia  complete. — Bib.  Uhiv., 
cev,  62.  E.  t-.  p. 

11.  Index  of  RefrtKtion  of  thin  lAalw. — M.  Wigdkmavx  de- 
scribe*  a  new  method  of  determining  indices  of  refmctioa  applica- 
ble in  certain  cases  where  the  ordinary  methods  fail.  The  light  of 
a  |:;a»-hnmer  passes  throneb  theslit  of  a  collimator  and  is  rendered 
pantilcl.  It  then  jtaases  ttirough  a  tank  formed  of  plates  of  ^lasa 
C«mi<ntud  together,  and  tilled  with  oil  of  Ciissia.  In  tbi^  tack  is 
immornfd  the  plate  of  j^la&s  to  be  tested.  It  is  fixed  to  the  axis  of 
a  tb.'uil.iliti',  wli>i>(.-  Iiri)!t  s.-rvrs  1^.  show  tbi-  aiigk-u  thmiiyb  wbi.-h 
it  is  turned.  The  light  is  then  dispersed  by  a  prism  and  the  sper- 
trurn  thus  formed  is  observed  by  a  telescope.  As  oil  of  cassia  has 
an  index  much  greater  than  that  of  most  kinds  of  glass,  there  may 
be  produced  a  total  reflection  at  the  surface  separating  the  oil  and 
glass.  Then  on  turning  the  plate,  at  firet  normal  to  the  light, 
either  to  the  right  or  left,  a  gradual  extinction  of  the  spectrum  is 
effected,  commencing  with  the  more  refrangible  rays.  The  spec- 
trum is  extinguished  as  if  a  black  curtain  was  drawn  over  it,  the 
edge  indicating  the  limit  of  the  total  reflection.  Calling  a  the 
angle  between  the  two  symmetrical  positions  of  the  glass  corre- 
sponding to  the  limit  of  extinction  of  a  particular  ray,  sin  ^/j  will 
be  the  index  of  refraction  of  the  oil  with  regard  to  the  glass. 
Multiplying  this  by  the  index  of  the  oil  gives  the  index  of  the  glass. 
The  thinner  the  plates  the  more  exact  are  the  results  given  by  this 
method.  The  index  of  refraction  of  liquids  may  he  determined  by 
a  similar  method.  Two  plates  of  glass  are  cemented  together, 
leaving  between  them  a  thni  layer  of  air.  When  this  is  too  thin 
the  limit  of  total  reflection  is  not  clearly  marked,  because  a  portion 
of  the  light  penetrates  the  layer  of  air  and  enters  the  second  plate. 
If,  on  the  contrary,  the  layer  ia  too  thick,  the  limit  of  total  reflection 
also  loses  its  clearness,  in  consequence  of  the  numerous  interference 
bands.  Hy  interposing  sheets  uf  mica,  whose  thickness  is  grad- 
ually reduced,  the  bent  thickness  is  readily  obtained.  On  turning 
the  plates  so  that  the  angles  of  incidence  become  smaller  and 
Bmaller,  starting  from  a  position  a  little  beyond  that  of  total  refleo- 
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tion,  interference  rays  are  observed  which  pass  over  the  Bpectrom 
from  the  red  toward  the  blue.  The  angles  of  incidence  having 
become  smaller  than  the  limiting  angle,  the  direction  of  the  dis- 
placement of  the  rays  alters,  and  they  move  from  the  bine  toward 
the  red.  These  last  are  the  interference  rays  ordinarily  produced 
by  thin  films. — Bib.  Uhiv.^  cciv,  840.  e.  c.  p. 

IL  Geology  and  Natural  History. 

1 .  T^e  Elevation  of  certain  Datum-points  on  the  Cheat  Lakes 
and  Rivers  and  in  the  Rocky  Mountains ;  by  Jas.  T.  Gardner, 
Geographer.  Washington,  1876.  (Annual  Kep.  U.  S.  Geol.  and 
Geogr.  Survey  of  the  Territories,  for  1873,  pp.  629-659.) — As  Ge- 
ographer in  the  Rocky  Mountain  Expedition  under  the  charge  of 
Dr.  F.  V.  Hayden,  Mr.  Gardner  found  it  necessary  to  fix  upon 
some  datum-point  to  serve  as  a  base  for  the  reckoning  of  altitudes, 
and  met  with  a  first  difficulty  in  the  different  altitudes  assigned  to 
Denver.  Colorado,  they  diverging  between  200  and  300  feet.  To 
eliminate  the  error,  he  undertook  the  "reconstructing  of  all  possible 
lines  of  levels  from  the  ocean  to  the  Rocky  Mountains,  using  only 
ofiScial  reports  by  engineers,  and  checking  them  by  personal  exam- 
inations of  their  note-books  and  working  profiles  whenever  prac- 
ticable." The  chapter  here  published  contains  the  results  of  his 
long  labor.  Difficulty  was  found  in  the  fact  that  railroad  surveys 
from  the  Atlantic  border  had  not  started  from  the  same  stage  of 
tide  level,  in  errors  from  careless  computation,  and  from  other 
causes.  The  final  results  have  proved  that  the  elevation  of  the 
Great  Lakes  and  the  surrounding  country  is  about  nine  feet  more 
than  previously  reported  by  the  State  Geologist  of  Ohio ;  that 
St.  Louis  is  23  feet  higher  tnan  made  by  Humphreys  and  Abbott ; 
that  Kansas  City  and  the  surrounding  country  for  many  hundred 
miles  south  and  west  is  more  than  100  feet  higher  than  heretofore 
reported ;  Omaha  31  feet  higher;  Indianapolis  about  100  feet.  The 
following  are  a  few  of  the  levels  ascertained : 

Mean  level  of  Lake  Ontario  above  mean  tide  level.  249*99  ft. 

"             Lake  Erie 573-08 

"              Lake  Huron 689-99 

"             Lake  Michigan 689-16 

Low  water  in  Ohio  at  Cincinnati 440 

Cairo  city  base,  ordinary  low  water 291  -23 

Saint  Louis  directrix 429-20 

Omaha,  low  water  base  of  U.  P.  R.  R 97790 

"        Depot  grounds 1,060-40 

Denver,  Col.,  O.  P.  &  K.  P.  R.  R.  passenger  depot  5,196-58 

Cheyenne,  U.  P.  passenger  depot 6,075-28 

Golden,  Colorado 6,72898 

Ogden,  Utah,  depot  track 4,303-30 

Rke'sPeak 14,146-68 

The  level  of  mean  tide  at  Albany,  N.  Y.,  aboye  mean  tide  at 
New  York  City,  was  taken  at  4*84  feet,  as  ascertained  b^  \»\x^C>c)«»X» 


I 


■Uigenee. 

Survey.  Tlie  mean  height  of  Lake  Erie  was  arrived  at  by  means 
of  leveliiigs  (1)  OQ  the  Erie  Canal  from  Albany  to  Buffalo;  (2) 
from  PhiLadetphia  by  railroad  through  Harrisburg,  Pittsburg, 
Crefltline  to  Cleveland;  (H)  from  Albany  by  railroad  to  Buffalo; 

ii)  by  the  Nurth  Central  Pennsvlvania  R.  R. ;  (5)  by  the  Erie  R. 
i.  to  Dunkirk  and  Cleveland ;  (b)  by  the  Canadian  <j>raud  Trunk 
It.  K.  The  results  obtained  by  these  eix  routes  reepectii'ely  are  tbe 
followmg:  573-08,  ST2037,  672-670,  570-760.  [581-20],  571-67  fw-t. 
Thi^  example  illustrates  the  method  used  for  obtaining  the  tme 
elevaiion,  and  shows  also  the  high  degree  of  coiitideQce  that  may 
be  placed  in  them ;  and  further  that  Mr.  Gardner  makes  iu  his 
memoir  a  eoniribution  to  North  American  topography  of  extremc 
importnnce. 

A  few  others  of  the  heights  ascertained  are :  Quebec,  mean  tide 
level,  Ifi-aV  feet;  Montreal,  sufmer  water-level,  30  feet;  Lake 
Chamiilain,  mean  level  at  Whitehall,  1 00-^4  ;  Pittsburg,  Pa,,  loiv 
water  iu  river,  699-iO;  LouiBville,  Ky,,  low  water  above  Fall", 
about  404;  New  Albany,  Ind,,  low  water  iu  1867,  379-75,  and  the 
depot  of  L.  >  .  A.  *  C.  R.  R,  4fil-75  ;  Rock  Island,  111.,  high  water 
in  Mieeiseippi  iu  1862,  666-68;  Terre  Haute,  Ind.,  his/h  water  in 
Wabash,  485-55,  and  ordinary  water,  467-45 ;  Mount  Lincoln,  Col- 
orado, 14,296-66  feet.  j.  d.  r. 

2.  6eolo!fical  Survey  of  C'tnada,  ALyRBo  11.  C.  Sblwys,  Di- 
reclor.  Report  nf  Progress  f<>r  the  year  1S73-*.  268  pp.  8to. 
Montreal,  1874.  (DawBon  Hrothers.) — No  annual  Geological  Ke- 
porta  on  this  side  of  the  Atlantic  exceed  in  value  those  of  the 
Canada  Geological  Survey.  The  volume  recently  issued  contains, 
besides  an  introductory  report  of  10  pages  by  Mr.  Sklwtn,  obser- 
vations in  the  Northwest  Territory,  from  ^ort  (inrry  to  Rot'ky 
Moimt;tin  House,  by  the  name;  Report  on  the  country  between 
Red  River  and  the  South  Saskatchewan,  with  notes  on  the  Geoloffv 
of  the  region  between  Lake  Superior  and  lied  River,  by  Mr/R. 
Beli.  ;  Report  on  Geological  explorations  in  British  Columbia,  l>y 
Mr.  Jaues  Richardson;  Report  on  explorations  and  su^^■evs  in 
Frontenac,  Leeds  and  Lanark  Cos.,  with  notes  on  the  graphite  of 
Buckingham  and  apatite  of  Templeton  and  Poitland  townships, 
Ottawa  Co.,  by  Mr.  H.  G.  Venxek  ;  Reports  on  the  survey  of  ihe 
Coal  Field  of  Cumberland  Co.,  Nova  Scotia,  l.y  Mr.  S.  Harlow 
and  3lr.  W.  McQl'at  ;  on  explorations  and  surveys  iu  Cape  Bre- 
ton, Nova  Scotia,  by  Mr.  C.  Robb  ;  on  the  iron  ores  of  Canada  aud 
their  development,  by  Dr.  B.J,  IIarrisgtox;  and  notes  on  the 
Cretaceous  fossils  collected  at  Vancouver  and  the  adjatieut  isluTiil^, 
from  the  coal  series,  by  Mr.  .1.  F,  Whiteaves,  A  Report  by  Mr. 
Billings  on  fossils  from  Gaspe,  and  another  by  Mr.  Westou  are  in 
progress;  and  also  a  Report  by  Prof,  Bailey  and  Mr.  Ells, on  New 
Brunswick  Geology. 

Mr.  Selwyn  states,  in  his  Introduction,  that  the  facts  gathen.'d 
tend  to  prove  that  Uthology  among  crystalline  roeks  is  not  a  safe 
test  of  geological  age,  observing  that  this  conclusion  is  favored  hv 
the  recent  researches  of  Mr,  Richardson  in  British  Columbia,  whlcn 
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Bhow  that  "  epidotic,  chloritic  and  serpentinons  rocks,  with  crys- 
talline limestones  and  magnetites,  are  as  characteristic  of  Upper 
Paleozoic,  and  perhaps  also  of  even  later  formations,  where  they 
have  been  subjected  to  an  equal  amount  of  plication  and  folding, 
as  they  are  of  the  oldest  Paleozoic  and  protozoic  strata,  such  as 
those  of  Eastern  Canada  and  the  New  England  States."  He  ob- 
serves that  Sir  William  Logan  has  been  carrying  forward  extended 
and  thorough  investigations  in  Canada  on  this  point,  connected 
with  a  study  of  the  true  stratigraphical  relations  of  the  rooks,  and 
that  he  will  give  a  full  report  as  soon  as  "  the  necessary  examina- 
tions have  been  completed." 

The  Report  also  states  that  boring  for  water  and  coal  in  the 
Northwest  Territory  with  a  diamond-pointed  drill  was  undeitaken 
the  past  year,  but  tnat  there  was  not  time  after  receiving  the  ap- 
paratus for  obtaining  any  important  results.  The  boring  will  be 
resumed  this  season. 

In  his  Report  on  the  Northwest  Territory,  Mr.  Selwyn  states 
that,  going  westward  from  Fort  Garry  (or  Winnipeg),  the  capital 
of  Manitoba,  lat.  49**  62'  N.,  long.  96°  60'  W.,  only  (fr^y^— sand, 
clay  and  gravel — was  seen  along  their  course  for  a  distance  of  886^ 
miles.  The  first  terrace  plain  in  that  direction  has  an  average 
breadth  of  120  miles,  is  76  to  100  feet  above  Lake  Winnipeg,  and 
but  700  or  800  feet  above  the  sea  level.  The  drift  of  its  surface 
is  apparently  underlaid  at  no  great  depth  by  Silurian  and  Devo- 
nian strata.  Its  western  limit  is  marked  by  a  range  of  low  hills 
extending  from  Pembina  Mountains  by  the  Riding,  Duck  and 
Porcupine  Mountains,  to  the  Basquia  Hills.  Here  there  is  a  rise  to 
a  second  prairie  level,  which  is  undulating  or  hilly  and  "  attains  an 
average  elevation  of  1600  feet."  A  third  prairie  level  commences 
at  the  Thickwood  Hills,  20  miles  west  of  Carleton ;  it  is  1900  to 
2000  feet  above  the  sea ;  the  limestone  boulders  on  it  do  not  reach 
farther  west  than  the  longitude  of  Fort  Pitt.  Sand  is  the  material 
of  the  deposits,  and  it  is  mostly  unstratified,  becoming  imperfectly 
(Stratified  and  calcareous  to  the  westward.  At  Fort  Ellice,  the 
valley  of  the  Assiniboine  (as  stated  by  Dr.  Hector)  is  240  feet 
deep :  the  upper  100  feet  consist  of  this  drift  deposit,  and  the  rest 
of  Cretaceous  beds. 

The  watershed  between  the  Qn'  Apelle  to  the  southwest  and  the 
Saskatchewan  and  Assiniboine  to  the  northwest,  is  mostly  a  great 
salt  plain,  with  many  pit-holes  and  some  large  salt  lakes. 

On  the  North  Saskatchewan  River,  between  Edmonton  and 
Rocky  Mountain  House  (138  miles),  several  horizontal  coal  beds 
were  observed,  one  of  them  18  to  20  feet  thick,  and  favorable  for 
working.  The  coal  is  hard  and  bright,  jet-like,  and  much  superior 
to  that  found  farther  south  along  the  boundary  line  and  m  the 
Qu'Appelle  valley.  The  age  of  the  latter  is  pronounced  probably 
Tertiary ;  of  the  former,  it  is  stated  to  be  yet  uncertain.  The 
plants  m  the  two  are  the  same.  The  coal-field  is  stated  to  extend 
at  least  to  the  Athabasca  River  on  the  north,  and  Red  Deer  River 
on  the  south,  and  to  have  an  area  of  26,000  square  miles.  Analy- 
ses of  the  coals  by  Dr.  B.  J.  Harrington  are  given  on  i^2^^<&%  ^^^^^« 


Mr,  Bell  states  that  the  valley  of  Red  River  from  Fort  Garry 
to  Lake  Winnipeg  is  nnderlaid  by  Lower  Silnrian  raagneAJan  lime- 
Btone,  and  that  above  are  Devonian  rocks,  which  are  exposed  im 
various  points  and  islands  in  Lakes  Manitoba  and  Winnipeeooft, 
Coal  was  found  among  Nindj  and  clayey  strata  in  the  Diit  Hilb, 
96  milcH  southwest  uf  Port  Qu'Appelle,  and  at  the  Woody  .Mouo- 
taiuti  in  the  intermediate  region.  At  the  latter  place,  where  tlit 
formation  is  'iOO  feet  thick,  eight  seams  were  counted,  one  of  them 
eight  and  aui>ther  five  feet  thiek.  Mr.  Bell,  adopting  the  view 
that  the  coal-bearing  strata  above  the  Inoc:ramv»  shales  and 
saudstonts  of  the  Bouris  are  probably  Tertiary,  statee  that  the  line 
between  the  Tertiary  and  the  Uretaceous  formation  enters  British 
territory  in  the  m-ighborhood  of  the  Roche  Perc6,  a»d  ihi'iice 
runs  northwestward  to  the  Elbow  of  the  South  Saskatchewan, 
parsing  about  to  miles  north  of  the  Dirt  UiUa.  The  greater  p:irt 
of  the  area  between  the  two  branches  of  the  Saskatchewan  19  oc- 
cupied by  the  "  coal-bearing  Tertiary."  The  coal  beds  are  partlr 
true  lignite. 

With  regard  to  the  DrtJ^,  Mr.  Bell  states  that  the  direction  of 
tht  Hri'f  to  the  north  and  northwest  of  Lake  Superior  is  in  gen- 
eral BOHthweatieard,  and  that  the  same  course  prevails  as  far  east 
as  the  Ottawa  Kiver;  and  "there  is  little  doubt  that  the  same 
course  prevails  for  some  distance  to  the  north  and  west  of  Lake 
Winnijieg ;  for  the  plains  west  of  the  lake  and  of  West  River  are 
coveri'rl  with  th(/  del-ris  of  rocks  derived  fmm  the  east  of  thf  lake." 

These  observations  on  the  scratches  northeast  of  Lake  Huron 
contirm  the  statements  of  others,  and  sustain  the  couclosion  of 
the  writer  therefrom*— that  the  greater  height  of  the  ice-surface 
in  Canada  was  over  the  watershed  between  the  St.  Lawrence  and 
Hudson  Bay.  The  facts  from  the  vicinity  of  Lake  Winnipeg 
show  further  that  a  hne  oi greatest  height  was  continued  from  this 
region  northward  or  northwestward.  It  docs  not  follow  that  the 
height  along  this  line  to  the  northward  was  as  great  as  over  the 
watei-shed ;  but  only  that  the  greatest  height  for  those  latitudes 
was  there,  or  that  it  was  great  enough  to  determine  a  southwenl- 
ward  movement  in  the  ice.  The  greatest  height  would  have  Wn 
where  there  was  the  greatest  amount  of  precipitation,  supposing 
the  melting  the  same ;  and  this,  as  the  writer  observes  in  the  same 
article,!  would  have  been  toward  the  southern  and  coastward 
limit  of  the  glacier.  Over  the  interior  of  the  continent,  boti 
the  small  amount  of  precipitation  au<l  the  high  degree  of  beat  in 
summer  would  have  put  the  southern  limit  of  the  ice  north  of  the 
limits  of  the  United  States.  The  summer  ittothorm  of  72°  F.,  which 
passes  over  southern  Ohio — the  south  limit  there  of  the  drift^— 
extends  in  the  interior,  about  the  meridians  98°  to  105°,  northward 
to  latituile  47°  ;  and  over  this  area  and  also  its  extension  far  north 
and  likewise  far  west  to  a  line  passing  by  Sierra  Nevada  and  the 
Dalles  in  Oregon,  the  amount  of  annual  precipitation,  according 
to  Schott's  Rain  Chart,  is  aivMen  inches  and  leas, 

*  This  Joumal,  HI,  u,  324-,  7,1(A.  \'&ft4,-^,1»%,is». 
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Mr.  Harrington's  report  on  the  rocks  and  minerals  is  an  import- 
ant one.  It  contains  analyses  of  oligoclase,  hornblende,  magnet- 
ites, hematites,  limonites  and  other  species,  besides  observations 
on  the  associations  of  the  species.  j.  d.  d. 

3.  An  Essay  concerning  important  Physical  Features  exhibited 
in  ths  Valley  of  the  Minnesota  Jiiver  and  upon  their  signification  ; 
by  G.  K.  W  AREEN,  Major  of  Engineers  and  Bvt.  Maj.  General,  U. 
S.  A.  22  pp.,  8vo.,  with  several  maps.  Engineer  Dept.,  U.  S.  Army. 
— Major  Warren  draws  attention,  in  this  Report,  to  the  width  and 
extent  of  the  valley  of  Minnesota  River  (one  of  the  head  tributaries 
of  the  Mississippi)  a  feature  continued  even  to  its  source  in  Lake 
Traverse,  and  to  the  great  disproportion  between  hs  size  and  that 
of  the  stream  now  occupying  it.  He  next  states  facts,  derived  from 
Prof.  H.  Y.  Hind  and  other  observers,  respecting  the  great  extent 
of  the  level  region  and  stratified  drift  deposits  about  Lake  Win- 
nipeg, and  the  uninterrupted  continuation  of  the  deposits  to  Lake 
Traverse.  The  conclusion  deduced  is  that  in  the  Glacial  era  the 
land  to  the  north  about  Lake  Winnipeg  was  more  elevated  than 
now,  so  that  the  drainage  from  that  lake  was  to  the  south,  instead  of, 
as  now,  through  Nelson's  River,  to  Hudson  Bay  ;  and  that  Lake 
Traverse  was  really  the  south  end  of  Lake  Winnipeg,  and  Minne- 
sota River  the  outlet  by  which  the  great  flood  of  waters  passed 
south  to  the  Mississippi.  The  Mississippi  River  would  then  have 
had  its  head  waters  in  the  streams  that  enter  Lake  Winnipeg  from 
the  west  and  north. 

The  highest  part  of  the  region  about  Lake  Traverse  is  996  feet 
above  the  sea,  while  that  of  Lake  Winnipeg  is  about  630  ;  so  that 
a  rise  of  but  365  feet  to  the  north  would  produce  the  change  of 
course.  He  observes  that  the  height  of  the  lake  terrace  above  the 
ancient  bed  west  of  Pembina,  as  given  by  Mr.  Owen,  is  210  feet; 
that  the  lake  bed  there  is  about  50  feet  above  Red  River,  and  this 
river  at  this  point  is  about  100  feet  above  Lake  Winnipeg;  and 
hence  he  adds,  "  this  lake  terrace  is  360  feet  above  the  level  of 
Lake  Winnipeg — a  height  sufficient,  as  I  have  shown  already,  to 
extend  the  present  Lake  Winnipeg  to  Lake  Traverse."  Professor 
Hind,  as  quoted,  says  that  'Hhe  Pembina  Mountain  [but  210  feet 
high]  is  par  excellence  the  ancient  beach  in  the  valley  of  Lake 
Winnipeg.  Dr.  Owen  thus  describes  it  as  it  presents  itself  a  few 
miles  south  of  the  49th  parallel." 

When  the  southward  slope  of  the  surface  came  to  its  end 
through  a  northern  subsidence.  Nelson's  River  became  the  outlet 
— a  narrow  gorge  abounding  in  water-falls.  J.  d.  d. 

4.  An  examination  of  the  Theories  that  have  been  proposed  to 
account  for  t/ie  Climate  of  the  Glacial  Period;  by  Thomas  Belt, 
F.G.S.  (Quart.  J.  Sci.,  Oct.,  1874.) — After  a  discussion  of  the 
merits  of  various  theories  for  accounting  for  the  cold  climate  of 
the  Glacial  period,  Mr.  Belt  argues  strongly  for  the  old  theory  of 
a  change  in  the  obliquity  of  the  ecliptic.  He  admits  that  the 
decision  of  astronomers  is  against  it,  but  be  \xoVd«  \tVvaX  ^'^  Tni>s^ 
astronomaiv  hsve  reconsidered  tins  queBtion  witYi  xki^Ai^X*  oi  oxa 


present  knowledge  of  the  figure  of  ihc  earth,  geologists  should 
not  be  preventeil  from  specuUtiug  on  the  probability  of  greW 
ohangeH  in  the  obliquity  of  the  eciiiilic  having  (caused  former  great 
variationB  of  teraperalui-o."  Mr,  Belt  also  tounhes  on  the  lower- 
ing of  the  Bea-lev«!  by  the  aecaiualation  of  iee  over  the  land,  and 
says  that,  on  the  suppositiou  that  the  ico  was  equal  in  the  two  htmi»- 
phercH  at  the  same  time  (the  view  he  sustainR),  the  lowering  of  ttie 
aea-level  "  could  not  have  been  less  than  2000  feet,  and  may  have 
been  much  more." 

Since  any  lowering  of  the  water  line  of  the  ocean  by  the  abstrac- 
tion of  water  to  make  the  Glacial  ice  woiilil  h&vn  been  alike  on  nil 
the  coasts  of  the  world,  Mr.  Belt's  estimate  of  the  amoiiut  in  the 
Glaoial  period  is  open  every  where  to  demonstration.  Ou  tbe 
Atlantic  border  of  North  America,  bucIi  a  change — which  is  eqniv-  i 
alent  to  a  rise  of  the  land  of  2000  feet— would  have  led  to  an  im- 
mense amount  of  val ley -eiea ration  along  the  many  rivers ;  and 
such  valleys,  so  recently  made,  should  still  intersect  the  allnvial, 
Tertiary,  and  Cretaceous  deposits  of  the  very  wide  coast  region 
of  the  continent,  or  be  but  partially  obliterated.  Instead  of  t\a<, 
this  coaift  region  is  rcinaikably  flat  and  even  and  is  iotersecied 
only  by  narrow  river  channels.  There  is  nothing  comparable  in 
any  part  to  the  fiords  of  Glacial  latitudes;  and,  more  than  thit, 
there  is  little  evidence  of  rec«nt  excavation  very  much  below  ibe 
present  sea-level.     The  same  fact  is  tme  of  other  continente. 

A  source  of  cold  not  considered  by  Mr.  Helt  ia  suggeeti-l  in  lbs 
writer's  Geology  (new  edition),  viz:  that  there  was  an  elevution  of 
Arctic  lands  su^ient  Co  exdtu/e  the  Gulf  b'trenm  /'rom  the  Aiclic 
regions.  If  these  tropical  waters— which  now  distribute  over  the 
northern  latitudes,  according  to  Mr.  troll,  154,959,303,000,000,- 
000,000  foot-pounds  of  energy  in  the  form  of  beat  per  day — were 
thus  prevented  fi-om  making  their  circuit  over  the  polar  regions 
north  of  the  continents,  the  low  northward  by  Iceland  would  I* 
stopped,  and,  owing  to  the  northeastward  trend  of  the  Amerieju 
coast  from  Florida  to  the  southeastern  cape  of  Newfoundland,  tbe 
Gulf  stream  would  be  mostly  confined  to  a  circuit  within  the  trop 
ical  and  warm- temperate  zones. 

This  cause,  in  addition  to  the  direct  cold-producing  effect  of  an 
increased  amount  of  Arctic  land,  would  thus  have  been  sufficient 
to  produce  all  the  lowering  of  temperature  needed  for  a  Glseial 
penod.  And  it  would  have  made  an  epoch  of  eold  in  any  period 
of  the  globe.  Moreover,  the  deeji  submergence  of  Behring'e 
Strait  (now  but  180  feet  in  depth),  and  of  the  region  around,  by 
letting  in  the  Pacitic  tropical  current,  would  at  any  time,  as  in  the 
Miocene  period,  have  made  a  warm  Arctic.  This  explanation  of 
the  warm  Arctic  climate  in  the  Miocene,  which  is  presented  in 
the  Geology,*  was  suggested  to  the  writer,  as  there  stated,  bj 
Professor  F.  H.  Bradley ;  and  the  other  respecting  Glacial  climate 
may  be  considered  a  corollary  from  it. 

Professor  A.  E.  VerrJU  has  recently  called  the  attention  of  the 

writer  to  another  edect  fi-om  this  confining  of  tbe  Gulf  Stream  to 

•  Huiiul  of  (3«ology,  ad  edit,  p.  541, 
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the  Atlantic :  that  the  heat  which  is  now  carried  to  the  north 
would  then  be  kept  mainly  within  the  warm  temperate  and  tropi- 
cal latitudes  of  the  ocean,  and  that,  consequently,  the  other  requi- 
site of  a  Glacial  era,  very  abundant  precipitatio^i^  would  have 
existed  concurrently  with  thcU  of  unusual  cold  over  the  land — 
conditions,  as  Professor  Verrill  states,  that  would  make  a  storm 
region  of  tremendous  effects  oyer  the  ice  within  300  or  400  miles 
of  the  warm  sea  limit.  All  the  conditions  demanded  are  there- 
fore met  by  this  theory. 

The  high-latitude  changes  of  level  here  appealed  to  may  have 
produced  effects  at  intervals  through  all  geological  time,  though 
of  feeble  intensity  in  the  Paleozoic.  As^assiz,  in  1840,  in  his 
fyudes  sur  les  Glaciers^ — a  work  that  made  an  epoch  in  geology 
by  its  demonstrations  of  the  glacier  origin  of  the  Drift, — sug- 
gested also  that  the  principal  epochs  of  life-extermination  m 
geology  were  epochs  of  cold — "  que  les  plus  grands  froids  ont 
termine  chaque  epoque  g6ologique," — cold  being  a  cause  of  exter- 
mination ;  and  there  is  reason  to  believe  that  he  was  right  as  to 
some  at  least  of  the  epochs.  The  writer  recognizes  two  such  in 
his  Geology,  one  at  the  close  of  the  Carboniferous,  and  another  at 
the  close  of  the  Cretaceous  (the  latter  in  the  1st  edition  of  the 
work) ;  and  he  alludes  to  the  subject  here  in  order  to  give  the 
credit  of  first  bringing  forward  the  principle  to  Agassiz.  ''  The 
indications  of  floating  ice  which  Ramsay  has  found  in  the  British 
Lower  Permian  may  be  a  mark  of  the  slow  approach  of  such  an 
era  of  cold"*  at  the  close  of  Paleozoic  time;  and  the  Triassic 
rocks  of  eastern  North  America  seem  to  bear,  in  their  large 
ronnded  stones  and  the  nature  of  the  beds,  evidence  that  the  ex- 
cessive precipitation  and  also  the  cold  of  such  an  epoch  had  then 
not  yet  passed,  f  j.  d.  d. 

5.  On  the  Submergence  during  the  Glacial  period,  —Professor 
Croll,  in  the  Geological  Magazine  for  July  and  August,  1874,  pre- 
sents the  following  as  the  cause  of  the  apparent  subsidence,  or 
rise  in  the  water  level,  which  took  place  before  the  disappearance 
of  the  ice  of  the  Glacial  period ;  or,  as  he  has  it,  the  submergence 
during  the  Glacial  perioa,  he  holding  that  the  whole  period  was  a 
period  of  lower  level  of  the  land  than  now.  He  proceeds  on  the 
supposition,  before  argued  for  by  him,  that  the  cold  of  the  Glacial 
period  was  due  to  the  eccentricity  of  the  earth's  orbit,  and  that  it 
affected  the  northern  and  southern  hemispheres  altematelv. 

The  removal  of  two  miles  of  ice  from  the  Antarctic  (Continent 
would  displace  the  center  of  gravity  190  feet,  and  the  formation  of 
a  mass  of  ice  of  one-half  this  thickness  in  the  Arctic  regions  would 
carry  the  center  of  gravity  96  feet  farther  in  the  same  direction. 
Further,  the  area  of  the  Antarctic  ice-cap  being  t^V?  ^^  ^^at  of  the 
ocean,  therefore,  allowing  0*92  for  the  density  of  ice,  the  melting  of 
25^  feet  of  ice  from  the  cap  would  raise  the  general  level  of  tl^e 

*  Manual  of  Geology,  2d  edit,  p.  431. 

t  The  agem^  of  ioe  in  the  deposition  of  the  Trias  of  Eastern  North  America 
has  been  suggested  1^  T.  A.  Oonrad,  and  also  by  H.  Wnrta,  and  by  both  in  1868. 

Am.  Jour.  Sol— Thibd  Bsribs,  Yol.  IZ,  Na  Sai-^ApsiLt  ISfHS. 
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ooean  one  foot ;  and  a  mile  of  ice,  200  feet.  The  otlier  mile  of  ke 
melted  is  balanced  by  the  abstraction  of  water  to  add  a  mile  of  ia 
to  the  Arctic.  These  nmnbers  added,  says  Mr.  Croll,  give  4S 
feel  for  the  amount  of  submergence  that  would  be  thus  occasioned 
at  the  North  Pole,  and  434  feet  for  that  in  the  latitude  of  E.iift 
burgh ;  or  if  the  ice  had  twice  the  supposed  thickness,  the  amonnl 
of  eubniergence  would  have  been  twice  this  amount. 

The  facts  from  Eastern  North  America  do  not  appear  to  favor 
Mr.  Croll's  conclusion.  The  amount  of  subsidence  indicated  bj 
raised  shell-beds  on  the  St.  L&wretice  at  Montreal,  near  latitndc 
46°,  was  about  500  feet ;  on  the  const  of  Maine,  near  latitude  W, 
only  200  feet,  when  it  ought  by  the  theory  to  have  been  but  a  few 
feet  less  than  at  ^loutreal ;  and  along  the  southern  shore  of  N«> 
England,  near  latitude  41°,  only  50  to  100  feet,  the  larger  of  which 
numbers  is  muoh  less  than  a  Jburtb  of  what  the  theory  requires. 
It  seems  henoe  to  follow  that  the  curve  of  submergenc*  did  not 
coiTcspond  with  the  cnrve  which  would  have  been  produced  id  the 
ocean's  surface  by  a  change  of  the  center  of  gravity. 

The  Coral  Island  subsidence  over  the  Pacific,  which  affected  a 
very  large  portion  of  the  tropical  part  of  that  ocean,  mnst  have 
been  in  progress  tlirongh  the  Glacial  period,  and  the  amount  of  it 
was  certainly  several  thousand  feet.  Here  was  a  great  change  of 
level  ill  th«  Irt^icjt,  which  no  change  in  the  earth's  center  of  Kravitr 
conld  have  produced.  It  was  in  a  sense  local,  the  contineuul 
lands  adjoining  not  sinking  with  the  ocean's  bottom,  nor  all  jians 
of  the  ocean  alike.  It  is  evidence  that  the  cause  of  thi?  jrreat 
change  of  water  level  during  the  Quaternary  age,  as  well  as  in 
earlier  time,  resides  in  the  cruet  itself.  The  facts  from  the  shell 
beds  of  the  St.  Lawrence  and  the  coasts  of  New  England  appear 
to  be  equally  evidence  of  a  bona  fide  subsidence,  which  no  cause 
affecting  the  ocean  as  a  whole  will  account  for.  j.  d.  d. 

6.  Hecent  Changes  of  Ltvel  on  the  Conet  of  Maine,  with  refer 
enre  to  their  origin  and  rel'it'ion  to  other timilar  cliangea  ;  by  N.  S. 
Shalek.  (20  pp.,  4to,  1874,from  the  Mem.  Bost.  Soc.  Nat.  fliBl.,ii, 
322.) — The  evidence  of  the  changes  of  level  here  discussed  was 
gatherKd  from  the  Quaternary  deposits  of  Maine  aud  of  the  co.is! 
south.  Professor  Shnler  concludes  that  the  evidence  sustains  the 
view  that  there  was  a  subsidence  or  "depression  "  of  the  land  in- 
creasing in  amount,  though  somewhat  irregularly,  to  the  north- 
ward, after  "the  first  division  of  the  Glacial  period;"  and  that 
sul>sequently  there  was  "  a  return  of  the  ice  in  the  shape  of  a  set 
of  local  glaciers  which  covered  the  shore  at  Mt,  Desert,  and  along 
most  of  the  territory  at  least  as  far  aa  New  Brunswick,  and  jwr- 
sisting  until  the  final  re-elevation  of  the  land  to  near  its  present 
leveL'^ 

The  cause  of  the  depression  is  discussed  in  the  closing  paj:«- 
He  remarks  that  the  only  hypothesis  as  yet  advanced  to  accouni 
for  it  is  one  proposed  by  Adh^mar ;  overlooking  the  fact  that  the 
writer,  first  m  1850,*  offered  another,  referring  the  great  Quaier- 
*  Ainer.  Jour.  ScL,  n,  xzii,  346.  The  same  condition  is  involved  in  his  earltei 
psperin  1846,  1841. 
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ary  movements  of  the  crust, — the  ypvoard  for  the  Glacial  period, 
be  domnward  for  theChamplain  or  Fluvial  period,  and  then  a  snc- 
eeding  u2yward  rise — like  the  other  great  movements,  to  the  lateral 
ressure  in  the  earth's  crust  due  to  contraction  from  cooling. 

Adh6mar's  hypothesis,  as  explained  by  Mr.  Shaler,  supposes  a  dis- 
lacement  of  the  center  of  gravity  in  consequence  of  the  unequal 
ccumulation  of  ice  at  the  poles,  much  like  that  recently  proposed 
•y  Mr.  Croll.  Professor  Shaler  rejects  this  explanation,  chiefly 
>ecause  the  Glacial  phenomena  of  the  two  hemispheres  have  not  yet 
>een  proved  to  be  alternate,  and  because  the  amount  of  depression 
oes  not  increase  with  regularity  over  the  whole  northern  hemi- 
phere ;  and  then  presents  his  own  hypothesis,  which  attributes  the 
epression  to  tfie  weight  of  the  ice-ma^  over  the  land.  After 
peaking  of  the  continents  as  having  their  positions  determined 
•y  "  constant  tensions  "  (meaning,  perhaps,  to  include  lateral  prea- 
nre^  which  far  exceeds  tensions  in  importance)  and  the  weight 
f  the  mass,  he  says,  "  it  seems  evident  enough  that  we  may  more 
easonably  look  to  the  weight  of  the  ice  accumulated  on  the  conti- 
ents  dunng  the  Glacial  period  for  the  depression  of  the  land-areas 
t  occupied,  than  to  any  other  cause." 

This  theory  assumes  that  a  cap  of  ice  '*  a  mile  or  more  thick," 
quivalent,  as  the  anthorstates,  to  half  this  thickness  in  "ordinary 
ock,"  depressed  the  earth's  crust  600  feet  and  upward  over  the 
rea  from  the  St.  Lawrence  and  great  lakes  to  the  Arctic,  notwith- 
tanding  that  the  arched  crust  had  a  thickness  of  probably  100 
liles.  There  is  no  doubt  that  such  a  weight — equal  to  a  cap  of 
ock,  say  one  hundredth  as  thick  as  the  earth's  crust — would  tend 
3  cause  a  depression,  for  this  tendency  exists  even  under  any 
mall  weight.  But,  considering  the  form  and  nature  of  the  crust, 
nd  the  lateral  or  tangential  pressure  existing  throughout  it,  shown 
ly  Mallet  to  be  enormous,  it  seems  to  be  far  from  probable  that 
lere  weight  can  account  for  so  great  a  movement.  Lateral  pres- 
ure  has  been  the  chief  agent  in  oscillations  of  level  and  mountain- 
laking  over  the  earth  ;  since  ArchoBan  time,  making  (Ij  the  Green 
lountains,  (2)  ridges  in  Nova  Scotia  and  New  Brunswick,  and  (3) 
he  Alleghanies,  on  the  eastern  border  of  the  North  American 
/ontinent,  at  long  intervals ;  and  subsequently^  after  other  long  in- 
ervals,  raising  (1)  the  lofty  Wahsatch  Mountains  and  Sierra  Ne- 
ada,  (2)  ranges  of  Cretaceous  mountains,  and  (3)  Tertiary  ridges, 
n  the  western  side  of  the  Continent ;  besides  (4)  elevating,  during 
he  Cenozoic,  the  great  Rocky  Mountain  mass  8,000  to  10,000  feet, 
-an  effect  that  no  weighting  was  employed  to  produce.  And 
ven  in  the  Quaternary,  though  perhaps  the  work  was  begun  be- 
3re,  there  was  the  great  subsidence  over  the  tropical  Pacific — the 
oral  island  subsidence  (and  another  similar,  probably  over  the 
Topical  Atlantic),  which  the  weighting  of  the  islands  by  coral 
rowths  was  certainly  inadequate  to  produce,  and  which  is  natur- 
Ily  another  consequence  of  the  uneasiness  of  the  crust  owing  to 
iteral  pressure. 


Here  are  vast  resTilts  —  elevations  and  Bribsidenc*9  —  m«M» 
pliflhed  by  lateral  preesure.  Now,  tbat  elevation  of  the  liuid  o»k 
the  higher  lalitiides  which  brought  on  the  Gbiciat  era,  ia  »  natnnl 
result  of  the  same  agency,  ana  a  natural,  and  alnioet  a  necM- 
eory,  couaterpart  of  the  coral  island  subaidence,  which  mast  hare 
beeu  then  in  progress.  The  accuroulatiug,  folding,  siolidifi cation 
and  crystallization  of  rocke  attending  all  the  rock-making  hdA 
in ountaiij -making  throngli  the  Paleozoic,  Mcsozoic  and  Codueoic 
eras,  had  greatly  stiftened  the  cruet  in  these  parts,  and  heiic^,  in 
after  time,  the  continental  moTcments  resulliog  from  the  lai*r»l 
prBBBnre  necessarily  appeared  over  the  more  northern  portiun  of 
the  continent,  where  the  ncctimulatione  and  other  changes  h»i 
been  relatively  amall.  To  the  subsidence  which  followed  the  ele- 
vation the  ice-cap  may  have  coiilriliutert  in  some  small  degree. 
But  the  great  balancing  movements  of  the  crust  of  the  continental 
and  oceanic  areas  then  going  forward  must  have  had  a  greath 
preponderating  cause  in  the  oscillatiug  agency  of  all  time,  latenil 
pressure  within  the  crust.  j.  u.  n. 

7.  Affe  ofthfUgnitu:  Coal  J^brination  of  Vancouver  Itland. 
Letter  to  the  editors, fioiii  Alfred  R.  C  Selwyn,  F.R.S.,  Dlrociorof 
the  Geological  Survey  of  Canada,  dated  Manh  3d. — I  wi^li  to 
record  my  dissent  from  the  Htatement  made  by  Professor 
Lesquereux,  page  .IBS  of  Dr.  Hayden's  lieport  on  the  U.  S.  Geo- 
logical and  Geogrnphiciil  Survey  of  Colorado.  1873,  to  the  cffeci 
that  the  coal  nf  Xarciimo,  Viinc-oiiver  Island,  is  refcn.ble  to  ihe 
lower  American  Eocene. 

Careful  surveys  have  now  been  made  by  the  Canadian  Geological 
Survey  of  the  Nanalmo  coal  basin,  and  it  is  proved  bevond  the 
possibility  of  a  doubt  that  the  coal  beds  there  are  overlaid  !tv  a 
succession  of  strata,  shales,  sandstones  and  conglomerates,  having 
a  thickness  of  nearly  4000  feet,  and  holding  from  base  to  summit 
marine  Cretaceous  fossils.  Ammonites,  BacidiUs,  Xnoeerami,  and 
others. 

Maps  and  sections  showing  the  relative  position  of  these  beds 
and  of  the  <:oal  scams  are  given  in  the  Report  of  the  Geological 
Survey  of  Canada,  1872-'73;  and  I  wool d  beg  to  refer  ProFessoi 
Lesquereui  to  them  for  information  concerning  the  coal  rocks  ol 
Vancouver  Island.  As  he  makes  no  reference  to  the  report  named, 
I  conclude  he  has  not  seen  it.* 

8.  iVbte  on  the  genus  Opiatkoptera  Meek,  1872,  and  Anomaio- 
donta  Miller,  1874.  (Communicated.) — Mr,  S.  A.  Miller,  in  a  reply 
to  my  note  on  the  above  mentioned  genus, f  published  in  th* 
September  number  (1874)  of  the  Cincinnati  jfoumal  of  Science, 
endeavors  to  defend  his  substitution  of  the  name  Atiomai'jdonto 
for  Mcek's  earlier  name.  This  lie  does  on  the  ground  (1)  thai 
■Msffnptera,  having  been  previously  used  lor  a  genos  of  whales, 
could  not  stand ;  (2)  that  although  Mr.  Meek  had  subsequently 

*  The  facts  are  brieSj  mentioned  from  the   Canada   Geological   Report  for 
1872-1813  in  vol,  vU  of  this  Journal,  pp,  517,  BIS,  ISJi— Ens. 
f  See  this  Journal,  viii,  SI8,  1B74. 
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(but  preyioas  to  the  publication  of  Mr.  Miller's  uame)  proposed  to 
sabstitute  for  it  the  name  Opisthoptera^  he  did  it  only  provtsiofi- 
aUy^  and  had  not  himself  adopted  it  in  the  subsequently  published 
Ohio  report ;  and  (3)  that  neither  Meek  and  Worthen  jomtly,  nor 
Mr.  Meek  alone,  had  fally  defined  the  generic  characters  of  their 
tyue. 

No  further  notice  would  be  taken  of  the  matter,  were  it  not 
that  silence  might  be  construed  into  acquiescence  in  views  and 
practices  that  it  is  the  interest  of  all  working  naturalists  to  dis- 
countenance. In  the  first  place,  it  is  by  no  means  a  settled  ques- 
tion among  naturalists  that  the  same  name  may  not  be  used  for 
genera  in  different  sub-kingdoms,  or  even  in  different  classes  of 
the  same  sub-kingdonu  This  is  the  practice  of  some  of  the  best 
and  most  renowned  naturalists.  TVoglodytes  is  constantly  used 
for  a  genus  of  apes,  and  also  for  a  ^enus  of  birds,  and  many  other 
cases  might  be  mentioned.  I  think,  however,  with  Mr.  Meek, 
that  it  would  be  better  to  change  the  latter  name,  but  he  seems  to 
have  deferred  to  the  high  authority  mentioned  in  only  provision- 
ally proposing  to  chau<re  it  in  the  case  of  Opisthoptera,  That  he 
did  not  himself  formally  adopt  the  latter  name  in  the  Ohio  Report 
has  no  bearing  on  the  question  By  repeating  there  the  previously 
{mblished  note  on  Opisthoptera^  he  manifestly  repeats  the  pro- 
posal to  substitute  the  latter  nauie  on  precisely  the  same  ground 
that  he  di<l  at  first,  namely,  in  case  it  snould  be  found  generically 
distinct  from  Ambofiychia  and  the  name  Mer/aptera  should  be 
objected  to.  But  it  would  not  have  altered  the  case  if  he  had 
there  said  nothing  about  it,  or  even  if  he  had  proposed  to  retract 
both  Megaptera  and  Opisthoptera  entirely.  As  soon  as  the  name 
was  published  it  became  the  property  of  science,  and  he  had  no 
more  right  to  dispose  of  it  than  any  other  person. 

Mr.  Miller's  argument  that  both  Megaptera  and  Opisthoptera 
should  be  discarded  because /W?  generic  descriptions  of  them  were 
not  published,  is  not,  and  cannot  be,  sustained  by  general  usage. 
Even  in  recent  zoology,  where  it  is  possible  to  ascertain  clearly 
all  the  characters,  no  such  rule  is  generally  followed.  Such  a 
rale  would  be  utterly  inadmissible  m  the  department  of  fossil 
shells,  because  of  the  exceeding  rarity  of  specimens  that  are  even 
approximately  perfect;  for  even  in  the  best  specimens  the  most 
important  features  (as,  for  example,  the  internal  markings  and 
teeth  in  bivalves)  are  generally  obscured.  Consequently,  many 
of  the  genera  of  tne  latter  kind  of  fossil  shells  have  been  proposed 
mainly  or  entirely  upon  external  characters.  The  rule  would  en- 
danger the  name  Anomalodonta^hQC2LXkS/Q  nothing  is  yet  known  of 
the  pallial  line  and  pedal  muscular  scars  of  that  shell,  to  say  noth- 
ing about  the  extraordinary  position  of  the  adductor  impression 
in  Mr.  Miller's  figure.  Hundreds  of  cases  might  be  mentioned  of 
genera  established  upon  external  characters. 

Unlike  some  other  genera,  Opisthoptera  has  its  more  conspicu- 
ous characters  external,  namely,  its  form  and  surface  ornamenta- 
tion, which  when  taken  together  are  quite  sufficient  to  distinguish 


it  from  related  types,  even  from  tbd  broad  tvpes  of  Myalina,  &0B1 
which  the  hinge  charactm-s  shown  by  Mr.  Mill>?r  iroDld  not  sepa- 
rate it.  As  Meek  and  Wortheu,  ann  xtill  later,  Mr.  Sleek  alone, 
have  fully  described  and  illustrated  these  external  chorsders  of 
their  type,  they  have  given  saffioient  means  for  its  idculiticaiiuu, 
which  even  Mr.  Miller  found  no  difficulty  in  doing.  To  Mr.  Mil- 
ler's other  remarks  it  is  hardly  necessary  to  reply. 

As  to  the  affinities  of  Amltonyc/iiu  with  the  Avictitidoe,  whidi 
Mr.  Miller  refuses  to  admit,  on  account  of  the  equality  of  ihi- 
valves,  I  need  onl^y  to  remark  that  to  make  such  family  distiuo- 
tions  na  that  proposition,  would  require  us  to  divide  well  defiae<] 
eenera,  some  species  of  which  would  fall  in  one  family  and  Rome 
in  another,  the  genus  Inocerawwt  l>eing  an  example.  The  trae 
{Triassif  typical)  Monoth^  JIaiohia,  and  othere  are  included  by 
the  highest  authorities  among  the  Ariculidfe,  and  yet  they  sie 
equivftlve.  He  refers  to  MoCoy  iia  the  first  to  refer  Ambonyaki'i 
to  the  Avicnlidfe,  being  evidently  unaware  of  the  fact  that  in  lSt3 
Goldfiiss  in  his  great  work,  Petri f.  Gemi.,  did  the  same.  Conrad, 
Woodward,  Brown,  Dr.  Carpenter,  and  Dr.  StolicEska  all  hkve 
done  the  same,  the  latter  even  placing  it  near  Avicuia  in  the  sec- 
tion Avicnlinffi. 

Returning  to  OfiutJtoptera,  I  will  slate  its  synonymy  thus : 
Genus  Opistiioptbra  Meek,     Mejuptera  Meek  and  Worthen,  1886 

— not  Megapti-rii  Gray,  18 — .     Opisthoplera  Meek,  1S72.     Ano- 

nja/o(/on(a  Miller,  1874.  c.   a.  w. 

9.  Coeta  Jtic'i  Geology.  — Mr.  W.  M.  Gabb,  in  a  letter  dateii 
San  Josfi,  Costa  Rica,  February  Iwt.  connects  Mp  former  calculation 
of  the  height  of  I'ico  Blanco,  stated  on  jinge  190  of  this  volume, 
making  it  ll,y77'8  feet.  The  error  came  from  a  slip  in  the  use 
of  a  formula, 

Mr.  Gabb  also  states  that  <>n  the  2<(th  of  January  he  ascended 
the  volcanic  peak  Irazu,  and  obtained  barometrically  for  its 
height  11,366'5  feet.  The  volcano  is  extinct,  excepting  a  little 
smell  iif  sulphur  in  the  crater.  He  further  remarks  that  the  pe;ik 
of  Turrialba,  nine  or  ten  miles  from  Irazu,  is  so  nearly  equal  to 
the  latter  in  height  that  much  difference  of  opinion  exists  us  to 
which  is  the  highest.  This  volcauo  "sends  out  a  constant  small 
cloud  of  vapor," 

10.  TKe  Gulf  of  Mexico  in  the  .Vioccwe.— Prof.  Hilgard  has 
suggested,  in  view  of  the  absence  of  marine  Miocene  beds  over  tlie 
Eocene  of  Louisiana,  Mississippi  and  Alabama,  and  the  presence 
there  of  the  beds  of  the  Grand  Gulf  group  without  romains  of 
marine  life,  that  the  Mexican  Gulf  was  fresh  or  only  brackish 
in  the  Miocene,  and  made  so  by  the  elevation  of  a  barrier  across 
from  Yucatan,*  .Mr.  W.  M.  Gabb,  in  letters  to  the  writer, 
states  that  his  observations  among  the  West  India  Islands  lead 
him  to  believe,  in  view  of  the  distribution  of  marine  Miocene 
beds,  that  "  in  the  Miocene  period,  Cuba,  like  Jamaica  and  Santo 
Domingo,  was  much  smaller  than  at  present,  and  may  even  have 

•  This  Joimial,  11,  il,  397. 
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been  only  a  string  of  Bmall  islands ;  while  Yucatan,  the  Bahamas, 
Bermudas  and  much  of  Florida  did  not  yet  exist,  and  their  sur- 
face beds  had  not  yet  been  deposited." 

He  remarks :  "  The  additional  facts  I  have  acquired  in  Costa 
Rica  geology  go  strongly  to  sustain  the  opinion  I  have  already 
iidvanced,  that  no  sedimentary  rock  older  than  the  Miocene  is 
found  here.  The  Carboniferous  formation  is  Miocene;  and 
wherever  it  is  unaltered  it  contains  coal-beds,  some  of  which  are 
two  yards  thick.  Now  I  have  seen  this  coal,  as  the  green  streaks 
show,  all  the  way  around  from  near  San  Jos^  to  the  end  of  Tala- 
manea,  and  we  Know  that  heavy  beds  occur  in  Chiriqui  on  the 
Atlantic  aide.  And  all  along  the  coast,  as  at  Boca  Braya,  Punta 
Uvita,  Pirris,  Tarcoles,  etc.,  coal  is  found.  The  existence  of  these 
Miocene  beds  on  the  Atlantic  side  proves  that  the  gulf  was 
occupied  by  marine  waters  as  now.  j.  d.  d. 

11.  On  the  Earthquakes  of  Southern  Italy ;  by  Edward  Suess. 
32  pp.,  4to,  with  three  plates.  Vienna,  1874.  (From  vol.  xxxiv, 
Denkschriften  der  Kaiserlichen  Akademie  der  Wissenschaften.)  — 
Professor  Suess  first  describes  with  some  detail  the  geological 
structure  of  Sicily,  and  of  the  neighboring  dbtricts  of  Italy,  to  the 
knowledge  of  which  he  has  contributed  so  much  by  his  personal 
labors.  It  is  shown  that  in  this  region  there  is,  in  the  crystalline 
rocks,  a  zone  of  granite  and  gneiss,  and  a  bordering  zone  of  schists, 
both  more  or  less  interrupted,  an  association  closely  resembling 
that  so  common  in  the  Alps.  The  facts  displayed  warrant  the 
conclusion,  previously  advanced  by  the  author,  that  these  older 
rocks  of  Southern  Italy,  with  the  isolated  portions  observed  on  the 
western  coast,  are  the  continuation  of  the  Alps  by  Genoa,  while  the 
western  side  of  the  peninsula  is  to  be  regarded  as  an  immense  area 
of  subsidence. 

A  careful  discussion  follows  of  the  important  earthquake  phe- 
nomena which  have  been  observed  in  Southern  Italy.  The  main 
conclusion  reached  is,  that  the  earthquake-shocks  of  Sicily  and 
Calabria  may  be  separated  into  three  classes : 

1.  Eruptive-shocks,  having  their  center  in  a  volcano,  and  involv- 
ing in  general  only  the  immediate  region  about  the  mountain,  such 
as  have  often  accompanied  the  eruptions  of  Mt.  Etna. 

2.  Radial  shocks,  which  also  have  their  origin  in  a  volcano, 
but  are  sent  out  from  it  along  definite  lines.  Examples  of  these 
are  afforded  by  the  many  earthquakes  which  have  come  to  Southern 
Italy  from  the  Lipari  Islands. 

3.  Peripheral  shocks,  those  which  have  not  a  volcano  as  their 
center,  although  there  may  be  a  certain  connection  between  them 
and  neighboring  volcanoes.  The  line  of  these  shocks  may  be 
traced  from  Cosenza  southwest  through  Oppido  and  Ileggio,  and  is 
probably  continued  through  Mt.  Etna  toward  Palermo,  thus  form- 
ing a  complete  semicircle  concentric  with  the  Lipari  Islands.  These 
shocks  differ  from  the  radial  shocks  in  that  they  are  propagated 
forward  or  backward  on  this  line,  so  that  they  may  visit  the  same 
place  within  a  short  time  from  different  directions. 


Scientific  Inielligence. 

Aoother  line  of  shocks  is  shown  to  bav^  the  dirvction  from  Ml 
Vultur  §outhwe9t  through  PotenKii  to  PapaBidet 

Fram  the  facts  preseuted,  ProfcBsor  Suosb  bLowb  tliat  there  U 
close  comiei-lioa  iKtwutfti  the  volcanoes  iiiid  the  earthquakes.  IL' 
conoludea,  moreover,  that  the  volcanic  pheuumeiia  of  the  Italian 
peninsula  are  parta  of  one  sjBtem,  aud  that  they  are  to  be  regarded 
Dot  as  the  cause  of  the  mountain  elevation,  but  as  aecompanybe 
phonomena  resulting  from  fractures  that  have  been  produced 
through  other  means.  e.  s.  d. 

12.  IHstinclivt  opticai  properties  of  the  FeUlapart. — DesCloi- 
ZEACX  has  recently  inveBtigated  the  optical  properties  of  the  tri- 
clinic  feldBpars  (C.  R,  Isxx.  Feb.  8,  1875).  The  principal  results 
obtained  by  him  are  contained  in  the  following  table,  in  which 
Bx  stands  for  bisectrix. 
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The  axial  divergence  is  quite  constant  for  albiie,  labradoritf 
and  anorthite,  but  varies  for  oligoclase  even  in  different  sections 
taken  from  the  same  specimen.  DesCloizeaux  concludes  from  his 
observations  that  labradorite  and  oligoclase  have  an  equal  riqbl 
with  albite  and  anorthite  to  be  considered  indepcndetit  spt-iies, 
contrary  to  the  views  presented  by  Tsehermak,  Andesite  he  con- 
cludes to  be  altered  oligoclase,  while  tscliermakite  is  identical 
with  albite.  e.  s.  d. 

13.  Insects  and  tilkerfoMilg  from  the  Permian  of  Weissiii  in  Sax- 
ony.— ilr.  ErcjENE  Geisitz,  in  a  second  paper  on  the  carbonaceous 
shale  of  the  Permian  at  Weissig,  near  Pillnitz,  mentions  the  occur- 
rence there  of  four  species  of  Blattina,  one  a  nearly  perfect  specimen 
of  the  S.  didyma  Germar,  another  a  new  species,  the  Ji,  porrectii .' 
Geinitz,  and  the  others  the  Sl"tti"'i  Carhonaria  Germar  and  the 
S.  Mahri  Goldenberg.  The  same  looalitv  has  afforded  also,  T'r'>- 
necte»{Gampsonyx)fi'iihri"tu3Jor(\zn,  Estheria  tendla  iordan; 
the  fishes,  Acanthodes  gracilie  Bey  rich,  PaUsoniscus  aii'justva  Ag., 
jR  Vrat'glaviengis  Ag. ;  the  Articulate,  Gyromycea  Aiumoiii* 
G6pp.  (il^roriu  Garbonariui) ;  and  several  plants  of  the  genera 
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nvlaria^  AsterophyUites^  Sphenopteris^  f  SymenophyUitea^ 
ontapteris^  Neuropteria^  JDictyoptens^  CycUheites,  AlethopteriSj 
ftiopteris,  Walchia^  besides  some  others. — Jahrb.f.  Min.y  1875. 

4.  J^atrachians  in  bituminotis  shales  of  the  Perm  tan  at  MiUery^ 
ince, — M.  A.  Gaudry  states  that  a  single  slab  of  shale  from 
ilery,  France,  has  on  it  seven  little  Batrachians,  resembling 

species  which  had  been  obtained  by  M.  Roche  at  Igomay. 

names  the  species  from  the  two  localities  Salamandreua 
Iroleiy  because  of  the  affinities  to  the  Salamanders,  and  their 
unence  in  oil-yielding  shales.  They  are  very  small,  the  largest 
mm. ;  and  yet  they  were  probably  adults.  No  traces  of  scales 
re  found.  The  fore  and  hmd  limbs  are  four-toed  and  nearly  of 
same  size. — Ann.  May.  N,  H,^  FV,  xv,  233. 

5.  (^,oal  in  Patagonia, — On  the  Peninsula  of  Brunswick,  in  the 
aits  of  Magellan,  at  a  place  called  Vaqueria  by  Capt.  Corey, 
b  beds  of  coal  have  been  opened.  The  place  is  not  far  from  the 
ilian  Colony  of  Punta- Arenas,  lat.  63°  10'  S.  and  long.  70**  64' 

(from  Greenwich).  The  Chilian  Government  has  conceded  it 
a  French  company.  A  detailed  report  has  been  published  bv  M. 

Arnal,  Civil  Engineer.  The  coal  is  very  compact,  black, 
ames  easily  and  bums  without  odor.  There  are  three  beds, 
ring  an  aggregate  thickness  of  about  26  feet.  The  age  of  the 
is  is  not  stated ;  but  as  the  coal  is  spoken  of  as  related  to  the 
nites,  it  is  probably  Tertiary  or  Mesozoic. — 1? Institute  Feb.  17. 
16.   Icones  Mascorum,  or  Figures  and  Descriptions  of  most 

those  Mosses  peculiar  to  North  America^  which  have  not 
been  figured ;  by  the  late  William  S.  Sullivant,  LL.D. 
sthvmovs  Supplement ;  with  81  copper  plates.  Imp.  8vo.  Cam- 
dge :  Charles  W.  Sever.  London :  Trtlbner  &  Co.  December, 
r4. — To  give  an  idea  of  the  nature  of  this  volume,  and  of  the 
cumstances  under  which  it  has  been  produced  and  published, 

append  the  brief  preface,  written  by  the  author  of  tnis  notice. 
3  biographical  sketch  of  Mr.  Sullivant,  published  by  the  Ameri- 
1  Academy  of  Arts  and  Sciences,  is  prefixed  to  the  volume.  The 
sses  which  form  the  subjects  of  the  present  series  of  incompar- 
le  plates,  are  partly  Caliiomian,  from  the  indefatigable  Bolander 
i  others,  or  from  the  Rocky  Mountains,  &c.,  and  partly  new 
coveries  in  the  Atlantic  States,  by  Messrs.  James,  Austin,  Peck, 
vencl,  &>c.     Only  a  small  edition  is  printed  and  put  on  sale. 

price,  as  of  the  original  volume,  is  fixed — at  least  for  the 
jsent— in  reference  to  the  ordinary  means  of  students  and  devo- 
s  of  Bryology,  rather  than  to  the  actual  cost  of  the  work, 
en  if  all  the  copies  were  sold  at  the  price  (♦lO  for  this  supple- 
nt,  and  $14  for  the  original  volume,  which  is  still  to  be  had), 
5  gift  of  the  lamented  author  to  his  fellow-botanists  would  yet 
large.  If  desired,  copies  will  be  supplied  from  the  Herbarium 
Harvard  University. 

^  Since  the  publication  of  the  Icones  Muscorum,  in  the  year  1864, 
!  lamented  author  made  careful  studies  and  sketches  of  the 
)ious  new  materials  as  they  came  to  his  hands,  with  a  view  to  a 
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com  in  nation.  A  portion  of  thene  was  selectod  for  the  first  Snpple- 
meiit,an(l  tlje  drawings  and  engiavingu  of  these  eightj-lhreeplaiM 
were  completed  before  Ui§  death,  in  Apiil,  1873.  The  drawing 
wetv  made  under  hie  immediate  superintendence,  by-  the  same 
meritoriouB  draughtsman  who  exeonted  those  of  the  oritpiial 
volume,  Mr.  August  Schrader,  and  they  were  engraved  on  copper 
by  Mr.  William  Doiigal.  Some  progress  had  been  made  in  the 
preparation  of  the  letler-prcas,  liut  only  a  small  portion  of  it  w.i< 
found  to  be  in  readiness  for  the  printer.     Its  prepsraiion  and  com- 

Cletion,  as  well  as  ihe  oversight  of  the  press,  have  devolved  upon 
is  friend  and  intimate  companion  in  Bryological  studies,  Mr,  Leo 
Lesquereux,  to  whom  this  has  been  a  lalwr  of  love  and  the  paying 
of  a  tribute  of  aA'tction  to  an  endeared  memory.  Inasmuch  as  he 
had  to  draw  np  n  larrre  proportion  of  the  following  descriplioM 
from  mere  notes  and  remarlcs  appended  to  the  specimens  m  the 
herbaiium,  it  would  have  been  only  just,  no  lees  to  Mr,  SalUvauI 
than  tu  &lr.  Lesq^uereux,  that  the  name  of  the  latter  should  Iw 

61ac«d  upon  the  title-page  as  the  editor  of  this  posthumona  work. 
at  lie  has  strenuously  objected  to  this,  and  his  decided  uisIiM 
have  been  deferred  to.  Regai'ding  the  incomparable  *'  Icoiiee  "  sud 
this  Supplement  as  a  fitting  memorial  of  one  who  will  lightly  lie 
remembered  as  the  father  of  American  bryology,  he  declines  W  i 
have  his  own  name  inscribed  npon  the  monument,  however  sub- 
ordinaiely.     Accordingly,  it  only  remains  for  the  writer  of  this 

erefacu  to  exiirees— on  the  pari  t.l'  th<-  Iflmiista  wbo  are  to  ht 
snefited,  am!  of  the  Suljivant  family,  at  whose  expense  this 
memorial  is  published  -  must  grjiteful  acknowlt'dgements  to  Mr. 
Lesquereux  for  his  valuable  and  essential  servii'cs."  a,  g. 

17.  At/ar  t'j'  lioscs,  for  Enropi'aii  coiumeive,  is  almost  exclnsivelj' 
supplied  by  a  small  tract  of  country  in  Himielia,  on  the  aonthem 
side  of  the  Halkan  Mountains.  There  has  been  some  question  afi 
to  what  species  of  Rose  was  employed  ;  but  of  late  it  has  generally 
been  thought  to  be  the  Damask  Rose.  Mr.  Hanbury,  havinw  re- 
ceived a  packet  of  specimens  from  the  rose  fields  of  the  Balkan, 
submitted  them  to  Mr.  Itaker  of  Kew,  he  being  the  most  accom- 
plished rosarian ;  and  Mr.  Baker  has  determined  them  to  be  for 
the  most  pai-t  Rosa  ifamagcena.  This  species  is  quite  unknown  in 
a  wild  state;  and  Mr.  Baker  regards  it  "as  most  likely  n  cidli- 
vated  race  of  H,  QuUica,  which  spreads  in  a  wild  stale  from 
France  ti>  Kurdistan."     (See  .lour.  Bot,  for  Jan.,  1876.)       a.  g. 

18.  liril'sh  Wild  Floteers  ci'Sidered  in  relalton  to  Jnse-'ts  ;  by 
Sir  Jons  LuiiBocK,  Ban,  F.R.S,,  M.P,,  with  nnmerous  illustra- 
tions. London:  Macmitlau  &  Co.  187.5.  pji.  18C,  l-2mo.— Al- 
thouiib  the  revival  of  this  fascinating  and  fruitful  subject,  and  thf 
first  clear  exposition  of  its  importance  in  the  vegetable  economy, 
are  due  to  an  Englishman — it  being  Mr,  Darwin's  happiest  piiceof 
subsidiary  work— there  lias  been  no  British  text-book  or  populsr 
treatise*  to  impart  the  requisite  knowledge  of  the  facts,  and  la 
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excite  and  gratify  the  interest  which  these  are  sure  to  engender. 
There  have  been  some  excellent  articles  in  the  magazines ;  but 
Mr.  Darwin's  revelations  seem  not  to  have  been  followed  up  as 
they  have  been  elsewhere,  especially  in  Germany,  where  the  litera- 
ture of  the  subject  is  very  considerable.  In  the  United  States  it 
has  become  a  part  of  popular  botanical  instruction, — not  so  gener- 
ally, however,  as  it  ought  to  be ;  for  this,  and  other  matters  of 
plant-behavior,  may  be  expected  to  double  the  charm  of  botanical 
study,  by  opening  new  fields  of  surpassing  interest  and  almost 
endless  variety.  Nothing  can  be  better  adapted  to  sharpen  the 
powers  of  observation  in  the  young. 

Sir  John  Lubbock's  lecture  before  the  British  Association  last 
August  upon  this  topic  attracted  great  attention,  which  his  series 
of  articles  in  Nature  widened ;  and  now  these  articles  are  collected 
to  form  this  handy  volume,^-one  of  the  Nature  Series^  to  which 
the  author  had  already  contributed  his  more  elaborate  and  thor- 
ough essay  on  "The  Origin  and  Metamorphoses  of  Insects."  As 
the  author  remarks,  he  "  had  made  no  serious  study  of  Botany," 
at  which  we  do  not  wonder.  As  it  is  few  indeed  can  be  expected 
to  give  their  powers,  with  the  success  he  has  commanded,  to  so 
many  engrossing  subjects,  financial,  ethnological,  zoological  and 
other.  But  as  an  entomologist,  "  the  intimate  relations  which  exist 
between  flowers  and  insects,"  as  brought  to  light  by  recent  re- 
searches, came  directly  in  his  way.  His  observations  and  notes 
originally  prepared — and  as  we  judge  very  recently — *'  with  the 
view  of  encouraging  in  my  children  that  love  of  natural  history 
from  which  I  myself  have  derived  so  much  happiness"  (and  we 
may  add  science  no  little  advantage),  naturally  su^cgested  that  a 
wider  use  might  be  made  of  them ;  and  this  attractive,  but  rather 
hastily  prepared  volume  is  the  result.  N  ot  much  in  the  way  of 
original  observations  is  here  to  be  expected ;  but  there  are  some, 
ana  good  ones.  There  are  seven  chapters.  The  two  introductory 
chapters  are  the  most  important  and  satisfactory.  They  give  an 
admirably  clear  account  of  the  general  subject,  succinct,  but  suffi- 
ciently full  to  convey  a  good  idea  of  the  various  ways  in  which 
most  flowers  are  adapted  to  be  cross-fertilized  by  the  visits  of  in- 
sects, and  through  which  these  visits  are  secured,  while  others  are 
in  their  way  as  well  served  by  the  winds.  And  there  is  an  espe- 
cially instructive  account  of  the  modifications  of  the  mouth-parts 
and  legs  of  bees  and  butterflies,  for  their  profit  in  their  visits  to 
flowers,  while  they  profit  them.  This  is  condensed  from  Herman 
Mtlller  and  the  illustrations  are  his. 

In  the  remaining  chapters  the  orders  of  the  principal  British 
flowers  are  taken  up  seriatim,  and  the  fertilization  of  a  good  num- 
ber of  them  explained  and  illustrated, — sufficiently  so  in  many 
cases,  at  least  in  the  earlier  orders ;  but,  on  the  whole,  if  so  wide 
a  range  and  systematic  treatment  were  undertaken,  it  were  bet- 
ter to  carry  it  out  more  fully.  The  little  cuts  from  Bentham's 
Handbook,  not  having  been  prepared  in  view  of  this  subject,  are 
here  of  small  use.     They  are  supplemented  by  larger  and  clear 
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illufllrations  of  sejiiirate  flowers,  from  Mailer,  Axell,  Hildebrand 
»n<l  Darwin. 

Now  that  we  fairly  well  underetand  the  meaning  of  these 
various  arrangements  for  the  furtilization  of  flowers,  perhaps  we 
oagbt  lo  give  to  the  first  disvoverer  of  them,  Christian  Conrad 
Sprengel,  rather  more  credit  than  the  pi-esent  author  awards  hinu 
If  he  did  not  perceive  '  the  real  significance  of  the  fuels  which  ht 
had  discovered,"  it  was  not  becanse  he,  like  his  oonteraponmes, 
was  "  led  to  assume  that  each  flower  was  created  oa  we  now  se« 
it."  The  meaning  of  the  arraQgemeota  comes  out  as  clearly  opon 
that  sapposition  hs  \x\>nn  any  other.  Mr.  Darwin  puts  the  uue 
belter,  when  with  his  uharaeteristic  exactness,  be  say»  thai 
"  Sprengt^l  failed  to  understand  the  full  meaning  of  the  stmctnit 
of  the  flowers  which  he  has  so  well  described,  from  not  alwar) 
having  before  his  mind  the  key  to  the  problem,  viz :  the  good  de- 
rived from  the  crossing  of  distinct  individual  plaDts."  The  la« 
of  nature  ihat  omnnic  beings  shall  not  ferrifize  themselves  id 
perpetuity,  is  the  key  to  ihe  whole;  and  for  this  key  we  rightlt 
acknowledge  our  indebtedness  to  Mr.  Darwin,  who  first  turned  it 
to  full  accoimt,  in  a  niaslcrly  way.  Vet  the  principle  involved 
was  enunciated  by  Andrew  Knight,  in  the  year  IT&B.  But  eren 
this  was  anticipated  by  Sprengel,  in  1 793,  in  the  declaration  t« 
which  his  observations  had  led  him,  that  "  Nature  does  m>t  wtd 
that  anv  comiilet.'  Ihiwi  r  slmuld  be  fertilized  by  its  own  pollen." 

Kcrlruler's   .,■. -i.       .-non   is   s-iU   ,':..-H,-V,  iind   uiu.-h  anl^ 

diitea  that  oi  I  .,f  fnllinviii-  it.  as  Mr.  Kni^'bt  ini- 

i>Iies),  if  reall,^  lu  <.><.'  louim  lu  iiix  book  published  in  ITtil,  a»is 
ately  stated.  Like  most  tirst  discoveries,  these  were  Dot  followed 
up,  nor  half  their  importance  foreseen.  a.  g. 

18.  Ampkipod  Crustaceans  of  the  family  Qammaridoe  in  Laki 
£aikal. — Dr.  IJ,  N,  Dybowsky  has  described  ntnty-geven  specief 
of  (lammarids  from  Lake  Baikal.  They  include  one  Swedisli 
species,  6.  {Pallfisea)  canctU' tides ;  and  also  the  G.  negUctutol 
the  lake  is  hardly  distinct  from  G.  puUx.  The  species  occur  at 
all  depths,  the  greatest  depth  dredged,  1373  meters,  afibrdiag 
them  as  abundantly  as  the  littoral  zone,  though  fewer  in  apecie& 
The  S]>ecics  of  small  depths  are  mostly  vividly  colored ;  those  si 
greater  depths  are  less  briifht  in  color,  and  the  kinds  from  depthi 

S eater  than  700  meters  are  more  or  less  whitish  in  tint.^Jnn, 
a;/.  Nat.  Hist.,  IV,  xv,  230. 

20,  Larye  Vephalopod. — A  ce|>lialopod  "  of  great  bulk,"  Vi  feel 
in  length,  has  been  captured  ou  the  coast  of  Japan. — Japanlla'd, 
Jan.  23. 

21.  The  Doctrine  of  De*oent  and  Danoinigm ;  by  Oscii 
ScHMiD-r,  Prof.  Univ.  Strasburg,  The  International  Scientific 
Series.  324  pp.,  12roo,  with  2()  wood-cuts.  New  York,  1875. 
(D.  Appleton  &  Co.) — Tills  volume  contains,  in  a  brief  dogmatic 
forn),  the  views  of  Darwin  on  descent,  combined  with  those  of  tin 
more  imaginative  llteckel.    The  author  has  nothing  but  matter  in 

iiis  pbiJoBOphy,  and  ia  intoVeia-tA  Xo-wsai  vXn.w»-«V(i  4.<i  -cf^  think 

with  him. 
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ni.   Astronomy. 

Veniis, — The  Italian  observers  at  Maddapore  in  Bengal,  to 
3h  party  the  eminent  spectroscopist  Tacchini  belonged,  besides 
frving  all  four  contacts,  ascertained  an  important  fact  respect- 
the  atmosphere  of  Venus.  The  ring  around  the  planet,  which 
iie  former  transits,  as  in  the  present  one,  was  visible  around 
us  both  on  and  off  the  sun,  indicates  in  the  spectroscope  that 
atmosphere  contains  aqueous  vapor. — NaJture^  Jan.  21. 

A  Society  for  Spectro8c<tpic  observations  on  the  JSunh^s  been 
aed  in  Calcutta. — Nature^  Feb.  25. 

Astronomical  mid  Meteoroloyical  Observations  made  during 
year  1872  at  tfie  U,  S.  Naval  Observatory.  Rear- Admiral  B. 
»ANDS,  U.  S.  N.,  Superintendent.  Published  by  authority  of  the 
I.  Secretary  of  the  Navy,  cvi,  372,  68  and  22  pp.,  4to.  Wash- 
:on,  1874. — This  new  volume  of  the  U.  S.  Naval  Obser\'atory 
ns  with  an  account  of  the  Observatory,  the  Transit  Circle, 
1  tables  for  correction  and  use,  etc.,  and  the  Mural  Circle,  oc- 
ying  over  100  pages.  The  following  part  of  the  volume  con- 
18  the  tables  of  the  results  of  observ-ations  in  1872  with  the 
nsit  (160  pp.);  with  the  Mural  Circle  (161-204  pp.);  with  the 
latorial  (207-232  pp.);  mean  declination  of  stars,  from  individ- 
observations  with  the  Mural  Circle  (236-246  pp.) ;  mean  places 
miscellaneous  stars,  from  individual  observations  with  the 
nsit  Circle  (249-268  pp.) ;  Catalogue  of  stars  observed  with  the 
nsit  Circle  (271-278  pp.) ;  Right  ascensions,  N.  Polar  distances 

semi-diameters  of  the  Sun ;  Small  Planets ;  Declinations  of  the 
3n.  It  concludes  with  meteorological  tables,  and  a  report  on 
difference  of  longitude  between  Washington  and  Detroit,  Mich- 
1,  Carlin,  Nevada,  and  Austin,  Nevada. 

.  Professor  Argklander. — Friederich  Wilhelm  August  Ar- 
inder,  bom  at  Memel  in  East  Prussia  on  the  22d  of  March, 
9,  died  at  Bonn  on  the  1 7th  of  February.  He  was  for  a  while 
stant  in  the  observatory  at  K6nigsberg,  under  Bessel,  afler- 
•d,  in  1 823,  Director  of  the  Finland  Observatory  at  Abo  and 
Isingfors,  and  in  1 834,  Director  of  the  Prussian  Observatory 
Bonn,  where  he  continued  his  assiduous  labors  until  within  a 
rt  time  of  his  death, 
^rofessor  Argelander's  astronomical  labors  were  principally  in 

field  of  fixed-star  observing.  In  this  they  may  be  described 
Herculean ;  his  survey  of  the  northern  heavens  including  the 
ervation  in  zones  of  more  than  three  hundred  thousand  stars, 

charting  of  which  has  been  of  the  greatest  service  in  many 
ronomical  inquiries.  Nor  did  he  fail  to  compare  many  of  his 
ervations,  being  thereby  led  to  several  remarkable  discoveries 
proper  motion  and  yariabilitv  of  light  of  certain  stars.  While 
Finland,  he  made  a  determination  of  the  motion  of  the  solar 
tern  in  space,  with  results  nearly  the  same  as  those  of  Sir  Wil- 
n  ilerschel.  His  careful  and  comprehensive  est\m^X\ot^\iOc»^oi 
comparative  magnitndeB  of  all  tne  stars  ^i\Ae  V>  1^^  n^^ 
aboald  be  mentioned  (Uranometria  Nova). 
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The  Rnyal  ABtroiiomk'al  Society  of  London  ^marked  tbcor  M 
of  tlie  value  of  PmfesBor  Argt-landfi's  sidereal  labors  by  the  sward  \ 
of  their  gold  medal  in  Febniarj-,  188-1.     His  last  observations,  so 
far  as  we  are  awiire,  wers'  of  the  bright  comctjof  CoggU,  in  thf   ' 
Buramer  of  lant  year. — AOtenieuin,  Feb.  27. 

IV.     MlSCELLANEOUa  SCIENTIFIC   ISTELLIGENCB. 

1.  Engineer  Depitrttnciit  JT.  S.  Army.  Frogrese-Report  »pm 
Oeoffraphical  and  Geological  Exf^orationa  and  <Survtys  treat  nf 
the  100(A  Meridian  in  187l\  under  the  direction  of  Bri^.  Gen.  i 
A.  HumnhrevB,  Chief  of  Kngineera,  TJ.  S.  A. ;  by  Fir«l  l.itnt 
Oeoroe  M.  Whkklkk,  Cor;>8  of  Engineers,  in  charge.  56  pp.,  4to. 
Waebington,  1874. — Aceording  to  this  i-eport,  the  work  pff- 
ibrmed  ny  the  expciUtion  nnder  Lieut.  Wheeler  in  1S72  exIendtJ 
over  the  aetronomiciU,  topographical,  meteorological,  geologini 
and  natural  liistorv  depnrttiiGnta.  For  the  determbiatioD  of  lati- 
tude and  loDgititao  thn-o  parties  were  engaged,  and  for  topo- 
grapbieal  olifli'rvations,  five  parties.  The  area  covered  iojn>- 
graphii-ally  diirin<!  the  year  exceeded  50,000  eqiiaro  iiiil<«,  anil 
included  part  of  Afeatem  and  Sonthwestem  Utah,  East«-ni  Nevada, 
and  N'ortii western  Arizoua.  This  "  FrogreBs-Report"  cunliiiai 
hifltoricnl  and  descriptive  accounts  of  various  mining  dietricte  and 
uiiiic'fl  iviihin  the  repii'ii  exaniincd,  oliservations  oii  irrigaiion 
fur  ihu  ciiiiiilry.  :iiiil  mi  lis  .■li.ni.iillunil  resources,  tiniK .-  lamls, 
nnilcs  liir  iTmiiiLiiiiif  ;ilioii,  :iii<i  i-tlier  i>fiints  of  imeresL 

The  geologist,  Jlr.  G,  K.  Gilbi-rt,  states  that  about  White's 
Peak,  in  the  yt-iieil  Creek  Range,  Nevada,  in  latitute  ;i9°  15' 
north,  there  ai'e  the  terminal  moraines  of  five  or  sis  glaciers,  8,000 
feet  aho\e  the  sea-level ;  on  Wheeler's  Peak,  of  the  Snake  Range, 
Nevada,  latitude  39''  north,  several  moraines  and  an  alpine  lak«; 
and  on  Old  Baldy  Peak,  near  Deaver,  Utah,  in  latitude  38°  IS' 
north,  two  terminal  moraines.  The  ancient  extent  of  the  g!i4:i 
Salt  Lake,— when  it  stood  900  feet  above  its  present  level  as 
proved  by  its  elevated  beaoh  lines, — is  made  18,000  »>qnare  miles, 
which  is  a  little  less  than  the  area  of  Lake  Huron.  Mr.  Gillwii 
observes  that,  in  the  plateau  region  of  the  Upper  Colorado,  ilie 
rock-system,  ranging  from  the  Teitiary  to  the  Devonian,  is  com- 
paratively undisturbed,  and  denudation  has  left  the  harder  bedi 
projecting  in  a  succession  of  steps.  j\cross  these  steps  there  is  i 
series  of  parallel  faults  which  divides  the  steps  into  limited  tables 
that  are  drained  by  tributaries  of  the  Colorado  and  Hevier  Riven. 

According  to  the  scheme  for  the  publication  of  the  results  of 
the  Wheeler  Expeditions,  the  Report  will  include  six  quarto 
volumes,  and  also  one  topographical  and  one  geological  atlas. 
each  19  by  24  inches.  Volume  iv  of  the  series  is  to  contain  the 
geology;  volume  v  the  paleontology,  which  is  to  be  illustrated 
by  numerous  plates  of  vertebrate  and  invertebrate  fossils ;  anJ 
Toliime  VI,  the  nalwral  b\s\OT^  ot  th«  expeditions. 

Nunterous  exceUeut  p\\o\iOg,t».\i\\%  Wn%  ^>eft\\  \.^«ia,-«\si.iAiwi!l 
be  used  for  illustrating  the  geoXo^vcsA  wa^  oW-a  NaVsauM^  '^>«\ 
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represent  ffrandly  the  scenery  of  the  Colorado  and  of  other  parts 
of  the  region  under  survey. 

2.  Smithsonian  Co7itHbiUions  to  linowledge,}  814^  ^to.  Miscelr 
lane<fys  (JoUections.  Vols,  xi,  xii,  8vo,  1874.  — The  very  valuable 
series  of  Smithsonian  publications  was  enlarged  by  the  addition 
of  three  volumes  during  the  year  1874.  The  volume  of  Contribu- 
tions contains  Problems  of  Kotary  motion  presented  by  the  Gy- 
roscope, the  Precession  of  the  Equinoxes  and  the  Pendulum,  by 
Brevet  Maj.  Gen.  J.  G.  Barnard ;  a  contribution  to  the  History  of 
the  Fresh-water  Algae  of  N.  America,  by  H.  C.  Wood,  Jr.,  M.D., 
with  21  plates,  manv  of  them  colored;  an  investigation  of  the 
Orbit  of  Uranus,  with  general  tables  of  its  motion,  by  Simon 
Newcomb. 

Vol.  xi,  of  the  Miscellaneous  Collections,  contains  memoirs  on 
the  Arrangements  of  Mammals  and  Fishes,  by  Dr.  T.  Gill  (200 
pp.) ;  monographs  of  N.  A.  Diptera,  by  H.  Loew  (376  pp.) ;  on  col- 
lecting and  preserving  Insects,  by  A.  S.  Packard,  Jr.  (60  pp.); 
Xew  X.  A.  Coleoptera,  and  classification  of  the  Coleoptera,  by  J. 
L.  LeConte  (146  pp.). — VoL  xii  contains  a  Review  of  American 
Birds  in  the  Smithsonian  Museum,  by  S.  F.  Baird  (484  pp.) ;  the 
Constants  of  Nature,  Part  i:  Specific  gravities.  Boiling  and  Melt- 
ing Points  and  Chemical  Formulae,  by  F.  \V.  Clarke  (272  pp.) ; 
on  Telegraphic  Announcements  of  Astronomical  discoveries,  by 
Joseph  Henry  (4  pp.). 

3.  Chemical  Mcamination  of  Alcoholic  Liquors ;  by  Pro- 
fef^sor  A.  B.  Prescott,  lt/8  pp.,  12mo.  New  York.  1875,  (Van 
Nostrand.) — Professor  Prescott  has  supplied  a  want  long  acknowl- 
edged in  our  chemical  literature  by  this  concise  and  well  arranged 
little  manual.  The  special  acts  of  legislation  on  the  subject  of 
alcoholic  liquors  and  wines,  their  adulteration  and  falsification, 
which  now  slumber  in  the  statute  books  of  this  country,  have 
been  framed  with  so  little  skill  or  with  such  bigotry  or  partizan- 
ghip  as  to  be  practically  inoperative.  The  importance  to  society 
that  all  articles  used  as  fooas,  medicines,  or  beverages  should  be 
held  subject  to  strict  scientific  examination  by  authority  of  law, 
and  that  the  frauds  now  practiced  should  be  systematically  ex- 
posed and  suppressed,  is  such  as  to  admit  of  no  debate.  These 
frauds,  pernicious  to  health  or  life,  are  by  no  means  confined  to 
alcoholic  beverages.  And  the  analyist  will  find  assistance  in 
meeting  them,  not  only  in  this  Manual  of  Dr.  Prescott,  but  also 
through  the  use  of  the  Outlines  of  Proximate  Organic  Analysis, 
by  the  same  author,  already  noticed.  b.  s. 

4.  Appleton*s  Cyclopedia,  -The  American  Cyclopaedia:  a  Popu- 
lar Dictionary  of  General  Knowledge.  Edited  by  Georgk  Hipley 
and  Charles  A.  Dana.  Vols.  1— X,  1873-1875.  Koyal  8vo. 
New  York. — It  is  now  twelve  yeai*s  since  the  first  edition  of  Apple- 
ton's  American  Cyclopedia  was  finished.  It  was  followed  in  the 
eleven  succeeding  vears  by  as  many  "  Annual  Cyclopedias,"  uni- 
form with  the  original  work,  in  sixteen  volumes.  MtXiow^  tdxvsJsv 
tbe  Isiver  part  of  these  volumes  is  properly  given  to  \i\s\^Tvea\.^ 
poJiticaJ,  civil,  military  and  social  affairs,  meluAiiig  Xao^t^-^I 


ifuceUaniftma  Intelligent^. 

atattsticB,  oommeroe,  finance,  and  literature — science  has  by 
means  been  neglected,  as  we  have  in  successive  yeara  pointca  > 
in  oar  biblioKrapbical  notices. 

The  new  edition  of  thia  work,  of  which  ten   volumes  are  i; 
ready,  was  undertaken  iul6T3.    No  decade  of  this  centnrr  has  bt«n 
marked  l>y  more  rapid  advances  in  science  than  that  covering  ibe 
interval  between  these  two  editions ;  and  eqiiHlly  remarkable  hnve    , 
been  the  social  and  political  chants.     To  fuse  all  the  new  mate-    \ 
rial,  thus  rapidly  aoeumulated,  with  the  old,  into  a  homogeneout    | 
and  compact  unity,  has  required  the  recasting  of  the  whole  work,    i 
Of  course  a  large  nuraher  of  writers  and  revisers  have  been  busy    ' 
in  preparing  the  eight  or  nine  thousand  closely  printed  nagvs  in 
the  tea  volumes  already  pnblishetl.     Alany  of  these  articles  wt    i 
brought  down  to  date,  with  a  completeness  not  found  in  the  first    i 
edition ;  while,  as  far  as  we  have  examined  the  several  volumes,    j 
the  matter  of  former  scientific  and  technical  articles  has  been  ex-    I 
teosively  revised  with  care  and  good  editorship.     The  geograph- 
ical maps  introduced  add  greatly  to  the  value  of  the  Crclopedia, 
and  the  wood-cut  illustrations  are  numerous  and  well  selected.    A 
considerable  number  of  names  of  authors,  not  before  oontributon    , 
to  the  Cyclopedia,  now  appear  in  connection  with  aMioles  on  van-    , 
0U9  scientific  topics.     'Ine  authorship  of  some  of  the   physical,    j 
chemical,  geological,  and  technical  articles  is  aa  follows :    Conal    I 
L.  F.  de  Pmirtalfes,  of  the  0.  S.  Coast  Survey,  Prof.  J.  E.  Hilgari    ' 
Dr.  Thomas  M.  Drown,  Prot:  Cl.veland  AbW,   Dr.  Kossiter  W. 
Raymond,  Dr.  T.  S.  Hunt,  Dr.  A.  M.  .Mayer,   Dr.  Joy,   and  Dr. 
Charles  L.   Hogeboom.     Many  of  the  astronomical   articles  arc 
from  the  pen  of  Mr.  Richard  A.  Proctor,  of  England. 

The  tenth  volume  ends  with  *'  JIagnet,"  by  Cleveland  Abbe. 

K   S. 

5.  T/'aiitactio'is  of  the  American  Institute  of  Mining  Enginwn, 
Vol.  ii.  May,  18-3,'to  Feb.,  1874.  331  pp.  svo,  with  3  plates.  ¥m 
ton,  Pa.  Published  by  the  Institute,  at  the  office  of  the  Secretary, 
Lafayette  College. — This  vigorous  young  society  is  doing  good 
service  in  its  published  contributions  of  original  memoirs  on  sub- 
jects appropriate  to  its  purposes,  many  of  them  of  permauew 
value,  reconling  the  results  of  methods  and  investigations  of  greU 
interest  to  all  concerned  in  such  matters.  a  s. 

6.  If.  S.  N'orthern  Boundary  Commission,  A.  Cami-bkll,  Com- 
missioner. Natural  History,  No.  1.  On  the  Muridce,  by  Dr.  K 
CocES,  U.  S,  A.,  Surgeon  and  Naturalist  of  the  Commission.  Re- 
issued with  additions  from  the  Proc.  Acad.  N.  Sci.  Philad.,  1874. 
28  pp.,  Svo,  1874.     Contains  many  valuable  notes  on  the  species. 

BirdB  of  the  Northwest:  a  IlaiidboDk  of  the  Qrnitholog;  of  the  region  draiiwil 
b;  the  Uieauiiri  River  and  its  Tributaries ;  by  Eluott  Coues.  CapL  aad  AEsiK 
SurgeoD  U.  S,  A. — UisccUaneous  publications  3,  of  U.  S.  QooL  Surrey  of  the  to- 
rltorisFi,  F.  V.  Hatdbh.  U.  3.  Geol.  in  Charge.  792  pp.  8to.  Waahiagton,  I8J4. 
IfeRU  Ototegicai  Report. — Mr.  Buckley,  in  a  recent  letter  to  the  editors,  itsIM 
Ibat  the  faeadiag  of  DevoniaD  in  his  Report  over  a  saotioa  treating  of  the  TreD- 
' — atioQ  (see  p.  2:^4  of  this  volume)  was  a  printer's  error.  Xbere  is  Dolbiog 
— -)rt  to  snggeat  this.— Ens. 
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Art.  XXXIV. — Notices  of  Recent  EarthqtwJces^  No.  5  ;  by  Pro- 
fessor C.  G.  RocKWOOD,  Jr.,  Rutgers  College. 

Jan.  6,  1874— A  shock  was  felt  at  Wolf boro,  N.  H. 
Jan.  14,  1874.— ^The  village  of  Saru-Kamush,  thirty  miles 
east  of  Harpoot,  Turkey,  "  was  entirely  destroyed,  and  a  good 
many  houses  in  villages  near  by  were  thrown  down." 
Jan.  19, 1874. — A  slight  shock  at  San  Francisco. 
Jan.  26,  1874. — Two  shocks  at  Manchester,  N.  H.,  at  2  and 
6  A.  M.,  the  first  light,  the  second  heavy. 

Feb.  10,  1874. — There  began  a  series  of  disturbances  in  Bald 
and  Stone  Mountains,  McDowell  County,  N.  C,  which  con- 
tinued at  intervals  for  several  months.  The  phenomena  appear 
to  have  been  occasional  earthquake  shocks,  at  no  time  violent, 
but  accompanied  by  explosive  and  rumbling  noises,  and  oc- 
curring,  sometimes  two  or  three  in  a  day,  and  again  with 
intervals  of  several  daya  These  increased  in  frequency  and 
intensity  until  the  night  of  February  22,  when  the  most  severe 
shock  was  felt  About  March  17  and  26,  the  shocks  were 
again  of  some  intensi^,  as  also  on  April  14  and  17.  A  corre* 
spondent  of  the  New  i  ork  Evening  Post,  writing  from  Spartan- 
burg, S.  C,  under  date  of  March  28,  and  having  just  visited 
the  aiSected  region,  reported  experiencing  a  decided  shock,  with 
a  deep  rumbling  noise,  about  sundown  of  March  18,  and  another 
on  March  19,  these  being  ail  that  he  felt  during  a  five  days' 
visit  Another  observer  says  ^^  the  sounds  resembled  the  re- 
Ax.  JouB  8^T.  Third  Svhtvs— Vol.  IX,  No.  68.— Mat,  1875. 
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port  made  by  blastin:^  in  a  deep  quarry  or  well,  at  first  explo- 
aive  and  then  reverberating."  The  shouks  were  most  sensibly 
£elt  near  the  lopa  of  t'le  mountaina,  but  were  sometiniL-a  per- 
ceptible at  distaoces  of  ten  or  fifteen  miles,  or  evea  farther, 

A  paper  by  Gen.  T.  L.  Clin^an  of  North  Carolina,  on  the 
volcanic  character  of  this  region,  was  read  before  the  Wash- 
ington Philosophical  Society,  .Tuly,  1874.  and  is  noticed  in  this 
Journal,  HI,  vol.  ix,  p.  55. 

Feb.  12,  1874— A  shock  at  6''  30"  a.  m.  at  Saco,  Me. 

Feb.  12,  1874,— Two  shocks  felt  in  the  evening  at  Hilo.  and 
also  at  Hamakua,  Hawaii. 

Feb.  15,  1874.'-A  shock  at  Copiapo,  Chili 

Feb.  27,  1874.— A  severe  shock  at  10"  40"  p.  m.  at  Bangor 
and  Eastport,  Me, 

March  12,  1874 — A  slight  shock  at  Yarmouth,  Nova  Scotia. 

March  12,  1874.— A  slight  shock  at  Sidney,  N.  S  W- 

Marcb  16,  1874.  —  An  earthquake  in  Southern  Mexico, 
stated  to  have  been  "  very  severe"  in  the  province  of  Guerrero, 
but  alight  at  the  city  of  Mexico. 

April  11,  1874. — The  Japan  Gazette  of  this  date  says  "sharp 
shocks  of  earthquake  had  been  felt  at  Hamaoa,  causing  (freat 
alarm." 

April  18,  1874.— A  shock  at  St.  Thomas,  "W.  I. 

May  3,  1874.— Letters  froni  tlio  Llanioot  Mission,  Eastern 
Turkey,  under  date  of  May  8,  say :  "  Last  Sabbath  morning 
(May  3).  at  seven  o'clock,  a  severe  shock  of  earthquake  was 
felt  here  and  in  all  the  plain.  Houses  fell  in  several  villages, 
but  at  Haboosi,  in  the  eastern  part  of  the  plain,  the  effect  was 
disastrous."  Again,  under  date  of  May  16:  "The  village  of 
Haboosi,  twelve  miles  from  here,  with  a  population  of  2,600, 
was  reduced  to  a  heap  of  ruins  in  one  minute  of  time,  and 
twenty  persons  were  killed.  Not  more  than  three  or  four 
houses  are  lefl  standing.  The  large  flat  earthen  roofs  were 
thrown  upon  adjoining  buildings,  and  the  ruins  are  so  com- 
mingled tnat  it  is  not  easy  for  the  inhabitants  to  tell  where  are 
the  foundations  of  their  own  houses.  In  other  villages  the 
disaster  has  been  very  serious,  and  we  fear  the  end  is  not  yet. 
Shocks  continue  daily." 

May  5,  1874. — A  sharp  shock  about  midnight  at  Callao, 
Peru. 

May  14,  1874. — A  aeries  of  severe  shocks  about  9  A.  u.  at 
Hilo,  Hawaii,  and  the  adjacent  coast.  "Simultaneously  with 
this  earthquake  the  crater  of  Kilauea  became  more  brilliant 
and  active. ' 

May  24,  1874. — Two  sharp  shocks   about  2  a.  m.   at  San 
Francisco, 
June  11,  1874. — Two  sharp  shocks  at  8  P.  M.  at  San  Fran- 
>.    No  damage  done. 
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June  17,  1874— A  slight  shock  at  12  P.  M.  at  Salt  Lake 
City.  "There  were  several  vibrations,  the  shock  continuing 
for  about  ten  seconds.  It  was  plainly  felt  at  Alta  and  at 
Granite,  where  a  rumbling  noise  was  also  heard." 

June  18,  1874 — A  shock  at  Guayaquil,  Ecuador. 

June  23,  1874 — A  severe  shock  about  9^  25°*  A.  M.  at  Hong 
Konff,  China.  **The  rumblinff  and  trembling  of  the  eartn 
lasted  fully  fifteen  seconds."  The  harbor  was  much  disturbed, 
bells  were  rung  and  two  small  houses  were  thrown  down. 

June  27, 1874 — "  Strong  shocks"  at  Constantinople,  Turkey. 

July  7,  1874 — A  strong  shock  at  2^  7°*  A.  M  at  Valparaiso, 
Chili. 

July  9,  1874 — A  slight  shock  about  4  P.  M.  at  Cairo,  EL 

July  26,  1874 — A  shock  at  Vienna,  Austria. 

Aug.  8,  1874 — A  shock  in  the  morning  at  Valparaiso. 

Aug.  8,  1874. — ^A  severe  shock  at  noon  at  St  Thomas,  St 
Kitts  and  Antigua,  W.  L 

Aug.  17,  1874 — A  slight  shock  at  Demerara,  Trinidad  and 
Grenada. 

Aug.  20,  1874 — A  severe  shock  at  Yokohama,  Japan. 

Aug.  26,  1874 — A  severe  shock  in  the  morning  at  Puerto 
Rico.     "Vibrations  lasted  two  minutes ;  houses  rocked." 

Sept  3,  1874 — A  destructive  earthquake  occurred  in  Guate- 
mala, centering  near  the  Volcan  del  Fuego.  Advices  from 
Antigua  state  that,  since  the  beginning  of  August,  slight  shocks 
had  been  felt,  becoming  more  frequent  toward  the  end  of  the 
month.  From  Aug.  27,  the  town  of  Duenos,  and  other  places 
near  the  volcano  named,  felt  shocks  at  short  intervals,  accom- 
panied by  subterranean  noises.  On  the  night  of  Sept  8,  about 
9  P.  M.  (one  account  says  8*"  80",  another  9^  18"),  the  most 
violent  shock  occurred.  The  movement  was  a  series  of  vertical 
and  horizontal  impulses  combined ;  the  direction  was  west  to 
east,  as  noted  by  a  swinging  lamp.  The  shock  was  stated  by 
one  observer  as  lasting  twenty-five  or  thirty  seconds;  by 
another  as  continuing  in  its  intensity  during  four  seconds  and 
then  gradually  diminishing.  Sounds  like  thunder  were  heard 
fix)m  me  earth.  Many  other  less  violent  shocks  were  felt  dur- 
ing the  ni^ht,  the  principal  one  at  2  A.  M.  In  Antigua  the 
church  bells  were  rung  by  the  vibration,  about  two  dozen 
inhabited  houses  were  destroyed  and  thirty-two  lives  lost  The 
town  of  Duenos  was  entirely  ruined,  and  some  persons  were 
killed  there  and  in  neighboring  villages.  An  eruption  of  cold 
compact  mud  issued  from  the  heights  of  Cerro  del  Tigre,  a 
small  mountain  at  the  base  of  the  Volcan  del  Fuego,  and 
which  appears  to  have  been  the  center  of  disturbance. 

Sept  26,  1874 — ^In  connection  with  the  eruption  of  Mt 
Etna,  which  b^an  Aug.  29,  an  earthquake  occurred  extending 
to  the  village  of  Bandozza^  and  destroying  aey enl  ^lO'OBe^ 


Oct  7  and  12,  1874 — Severe  abocks  and  subterranean  noises 
near  Mazatlan,  Mexico. 

Oct  26,  1874. — An  "unuaaally  heavy"  shock  in  Chili  about 
0"  12°  A.  M.  Its  duration  was  abont  thirty  seconds  and  direc- 
tion east  to  west.  The  Director  of  the  Sational  Observatorjr 
reports  that  it  was  followed  by  a  rise  of  2°-2  of  the  ther- 
mometer. 

Nov.   11,  1874. — Trembling  and   Bubterranean  rnmbliog  at   I 
Guanajuato,  Mexico.     Many  nouses  injured.  ' 

Nov.  12,  1874,— A  slight  shock  about  10  P.  M.  at  Vi^nii   | 
City,  Nev. 

Nov.  13,  1874. — Two  shocks,  each  lasting  ten  seconds,  were 
felt  at  Vera  Cruz,  and  along  the  Mexican  coast.  Several 
houses  were  destroyed.  Shocks  continued  to  be  felt  at  inter- 
vals for  at  least  ten  days. 

Nov.  13,  1874.— A  slight  shock  at  Guayaquil,  Ecuador. 

Nov.  24,  1874. — A  slight  shock  at  Salem,  Newburyport  and 
throughout  Essex  County,  Mass.     Direction  west  to  east 

Nov.  29,  1874. — Two  heavy  shocks  at  Oreana,  Nev. 

Dec.  10,  1874. — A  somewhat  severe  shock  was  felt  ihroagh- 
ont  W e-stchesler  and  Rockland  Counties,  N.  Y.,  and  Bei^en 
County,  N.  J.  It  extended  as  far  as  PeekskiU  on  the  north 
and  Nnrwalk,  Conn.,  tin  the  cast  The  time  is  stated  generally 
as  half-past  ten  p.  M.  (one  observer  giving  lO""  23")  The  dura- 
tion is  variously  estimated  from  three  seconds  to  one  minute, 
the  majority,  however,  putting  it  at  five  or  six  seconds.  The 
direction  of  the  vibration  appears  to  have  been  from  northwest 
to  southeast,  the  reports  being  about  equally  divided  between 
west,  northwest  ana  north,  only  one  observer  giving  northeast 
The  shock  was  most  severe  in  the  neighborhood  of  Tarrytowo 
and  Nyacb,  but  did  no  damage  anywhere.  It  was  at  ail  places 
accompanied  by  subterranean  noises,  which  are  described  as  a 
long  rumble  ending  with  a  violent  explosion. 

Jan.  7,  1875. — A  shock  at  Valparaiso,  Chili. 

Jan.  18,  1875. -A  shock  in  Ecuador. 

Feb.  7, 1875. — Tliree  shocks  at  San  Francisco,  the  first  about 
2  A.  M.,  the  second  at  10^  45"  A.  M.,  lasting  two  seconds,  with 
the  motion  vertical  and  vibrations  north  and  south ;  the  third 
at  ll""  45""  A.  M.,  not  so  heavy  as  the  preceding. 

Feb.  9, 1876.— Three  slight  shocks  at  Preston,  Conn.,  not  felt 
across  the  river  in  Norwich. 

Feb.  11,  1875. — An  earthquake  at  Guadalajara,  Mexico,  ex- 
tending to  San  Cristabal  and  destroying  houses  in  both  places. 

March  10,  1875.— A  shock  at  12  M.  in  the  vicinity  of  Isse- 
quena,  Goochland  County,  Va. 

My  thanks  are  due  to  John  M.  Batchelder,  Esq.,  of  Boston, 
for  information  received. 

Bnnuwic^  N.  J.,  lUicb  Vi,  \VA. 
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Art.  XXXV. —  On  Dr.  Koch's  Evidence  with  regard  to  the  Co- 
temporaneity  of  Man  and  the  Mastodon  in  Missouri;  by 
James  D.  Dana. 

The  evidence  of  the  cotemporaneity  of  Man  and  various 
extinct  Quaternary  Mammals  in  Europe  and  Great  Britain  is 
complete :  that  is,  it  is  beyond  reasonable  doubt  or  question ; 
for  (1)  it  has  been  gathered  with  great  care  by  the  best  of 
geological  observers ;  (2)  it  has  been  verified  through  the  re- 
examinations of  reported  cases  by  other  able  geologists;  and 
(8)  it  has  been  furtner  verified  by  the  special  investigations  of 
committees  of  scientific  societies. 

The  North  American  facts  thus  far  announced  have  not,  un- 
fortunatelv,  the  same  broad  basis  for  confidence. 

Among  the  earlier  of  the  reported  discoveries  are  the  two 
in  Missouri,  brought  out  by  Dr.  Koch.  The  account  of  them  has 
often  been  cited  by  writers  on  the  subject ;  and  Mr.  J.  W.  Foster, 
in  his  **  Pre-Historic  Races  of  the  United  States  of  America," 
prefixes  to  the  citation  the  remark  that  Dr.  Koch,  at  an  inter- 
view with  him,  during  the  last  year  of  his  life,  assured  him,  **in 
the  most  solemn  and  emphatic  manner,  that  his  statement  was 
true."  Mr.  Foster  also  observes  that  *•  to  deny  the  accuracy  of 
his  statement  is  to  accuse  him  of  having  attempted  to  perpe- 
trate a  scientific  fraud," — a  decision  not  sustained  by  the  ordi- 
nary rules  or  treatment  of  evidence;  for  Science  has  constantly 
to  guard  itself  against  the  assertions  of  men  who  are  honest, 
but  are  not  experienced  in  scientific  investigation,  and,  in  all 
such  cases,  rigntly  asks  for  corroborating  testimony.  More- 
over, Dr.  Koch's  statement  of  his  facts  may  be  true,  and  still 
his  conclusion  as  to  their  proving  the  cotemporaneity  of  Man 
and  the  Mastodon  in  Nortn  America  be  wrong. 

The  question  which  American  Science  should  carefully  con- 
sider —  as  careftilly  and  guardedly  as  has  been  done  for  similar 
cases  in  Europe  —  is,  whether  Dr.  Koch  was  a  competent  ob- 
server, and  whether  his  observations  are  a  sufficient  basis  for 
the  conclusion  that  has  been  drawn  from  them. 

I  have  before  me  four  pamphlets  by  Dr.  Koch,  dated, 
severally,  1841,  1843,  1845  and  1853.  They  relate  to  his  dis- 
coveries in  this  country  —  the  first  two  of  them  to  his  Mis- 
sourium^  and  the  others  to  his  Hydrarchos,  or,  as  these  publica- 
tions call  it, — ^his  Hydrargos^  or  species  of  Hydrachen,  The 
following  are  copies  of  their  title  pages,  commencing  with  the 
earliest : 

Description  of  the  Missoubium,  or  Missouri  L^iathan,  together 
with  its  supposed  habits;    Indian    traditions  concerning  the 


location  from  whence  it  was  exhumed  ;  also,  coinpnrisone  of  the 
Whale,  Crocodile,  and  Miesouritim  with  the  Leviuthian,  as  de- 
scribed in  the  4Ut  Chapter  of  the  Book  of  Job;  Ijy  Albeit 
Koch.  16  pp.  8vo.  St.  Louis,  1841.  [1840  on  the  cover,  indi- 
cating thai  the  copy  is  from  a  second  edition.] 
Description  of  the  MiBaoraiuM  Thbhistocaulodon  (Koch),  or 
MiBsnuHi  Leviathan  (Leviatlian  Miesouriensis),  together  with 
its  euppofled  habits  and  Indian  traditions;  »leo,  comparisonB  of 
the  wiiale.  Crocodile  anil  Missoarium  with  tlie  Leviathan,  ai 
described  in  the  41st  Chapter  of  the  Book  of  Job;  by  Albert 
Koch.  Fifth  edition  enlarged.  28  pp,  8vo.  Dubim,  1843. 
[A  "  tbird  edition"  of  24  pages  appeai*ea  in  Loudon  in  1841.] 
Hydhabgos,  or  Great  Ska  Skbpent  hf  Alabama,  114  feet  in 
length,  7,500  lbs.  weight,  now  exhibiting  at  the  Apollo  Saloon, 
410,  Broadway.  Admittance  25  cents. — Descrititioo  of  the 
Htdbakgos  Sllliuanii  (Koch).  A  gigantic  fossil  Reptile,  or 
Ska  Serpent:  lately  discovered  by  the  author  in  the  State  of 
Alabama.  March,  1845,  Together  with  some  geological  obser- 
vationa  made  on  diflerent  formations  of  the  rocks  duriDg  a 
geological  tour  through  the  Eaateni,  Western  and  Soaiheni 
parte  of  the  United  States,  in  the  yearn  1844-1845  ;  by  Doctor 
Albert  0.  Koch,  Corresponding  Member  of  the  Societies  of 
Halle,  and  of  Dresden,  Ac.  16  pp.  Bvo.  New  York.  1845 
[Foll^.wing  thi«.  Dr.  Kp<'!i  puLlisln^.l  nt  Her!in,  m  1  ^4.1.  a  l«".k  of 
99  pages,  with  8  plates,  entitled  "Die  Kiesentbiere  d.  Urwelt," 
giving  an  account  of  his  Mastodontoid  discoveries  in  America.] 
Description  of  the  family  of  Animals  now  extinct,  but  known  to 
the  scientific  world  under  the  appellation  of  Hydrachex  :*  these 
animals,  when  living,  were  the  most  gigantic,  powerful  and  hor- 
rible beasts  of  prey  that  ever  ruled  over  and  spi-ead  terror 
through  the  primitive  Oceans;  also  an  account  of  the  discovery 
of  the  Zeuhlodon  M acrospondvi.us  of  MoUer,  and  of  the 
remains  of  Hydrachen  in  general ;  by  Dr.  Albert  Koch,  Corres- 
ponding Member  of  various  Scientific  Bocietics.  12  pp.  6vo. 
New  Orleans,  1853. 

The  first  of  these  pamphlets  was  printed  wheo  the  Mis- 
SOURIUM  was  on  exhibition  at  St.  Louis  in  1840,  1841;  tbe 
lecond,  when  the  skeleton  was  in  Ireland,  it  having  been  taken 
to  London  in  1841 ;  the  third,  when  Dr.  Koch's  first  collection 
of  Zeuqlodon  remains  was  arranged  and  on  exhibition  as  the 
"Hydrargos"  in  New  York;  the  fourdi,  after  this  first  Zeug- 
lodon  collection  had  been  carried  (in  1846)  to  Europe,  and  pur- 
chased (in  1847)  for  the  Royal  Anatomical  Museum  at   Berlin 

*  In  this  change  of  name  from  Hydarchos.  the  Water-  Chief  (Ihe  suggestion,  do 
doubt,  of  some  friend,  since  he  never  wrote  it  right),  to  Bvdrachm,  t,  word  thAl 
looks  Bi  if  made  up  from  the  Greek  word  for  vialer  and  the  German  (or  dragon. 
Dr.  Eoob  evidently  intended  to  adopt   Muller's   German   term   for  the  baulj, 
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(where  it  was  studied  by  MuUer) ;  and  after  another  "Hydrar- 
goe"  had  been  obtainedf  by  Dr.  Koch  (in  1848),  in  the  vicinity 
of  *'  Washington  Old  Court  House,  Washington  Co.,  Alabama, 
and  had  been  transported  (1)  to  Dresden  (where,  through 
''  eight  months'  faithful  labor,  '*  it  was  set  up  by  the  6th  of 
May,  1849),  and  also  (2)  to  Breslau,  (3)  to  Vienna  (1850),  and 
(4)  to  Prague,  and  at  each  place  put  on  exhibition ;  but  not 
to  Munich,  because  "  the  only  saloon  disposable  was  too 
small  for  the  exhibition ; "  and,  finally,  had  come  back  to  its 
native  country,  **  after  it  had  established  its  just  fame  in 
Europe  *'  as  one  of  the  **  Hydrachen,"  and  been  put  on  ex- 
hibition in  New  Orleans.* 

Still  other  accounts  of  earlier  date  are  at  hand  in  this 
Journal,  vols,  xxxvi  and  xxxvii  of  1839 ;  the  first  (voL  xxxvi, 
p.  198)  cited  from  a  newspaper  article  of  January,  1889,  which 
was  evidently  written  by  Dr.  Koch  (then  Mr.,  the  title  of  Doc- 
tor appearing  first  in  1845) ;  the  second  (vol.  xxxvii,  p.  191), 
signed  "  A.  Koch,  Proprietor  of  the  St  Louis  Museum,^^  and 
credited  to  the  '*  St  Louis  Com.  Bulletin  of  June  25,"  1839. 

Further,  a  note  on  the  bones  at  St.  Louis  collected  by  Mr. 
Koch  was  presented  to  the  American  Philosophical  Society,  in 
October,  1840,  by  Dr.  W.  E.  Homer,  and  an  abstract^  from  the 
Proceedings  of  that  Society  is  cited  in  vol.  xl,  (1841)  of  this 
Journal. 

It  is  evident  from  these  documents  that  Dr.  Koch  was  a  man 
of  enterprise,  "an  indefatigable  collector."  The  credit  is 
also  due  him  of  having  performed  a  great  service  to  science 
by  his  collections;  for  these  included  one  of  the  best  skele- 
tons of  the  Mastodon  that  has  been  unearthed  and  two  nearly 
complete  skeletons  of  Z§uglodon,  besides  portions  of  other 
Mastodon  and  Zeuglodon  individuals.  Dr.  Koch's  "St  Louis 
Museum  "  contain^,  in  1840,  according  to  Dr  Homer,  "  200 
or  more  teeth  of  the  Mastodon  and  American  Elephant,  a 
dozen  or  more  lower  jaws  of  the  Mastodon,  with  very  numerous 
specimens  of  other  parts  of  the  head  and  skeleton  generally, 
though  no  perfect  head ;"  "  the  skeleton  nearly  complete  of  a 
Mastodon;  "  and,  besides,  "the  head  of  an  animal  which  Mr. 
Koch  calls  nondescript,'*  which  Dr.  Homer  thought  to  be  that  of 
a  Mastodon,  and  another  interesting  Mastodon  relic,  "  denomi- 
nated by  the  proprietor  (Dr.  Koch)  Missonrium  Kochii" 

The  two  cases  of  the  discovery  of  human  remains  along  with 
those  of  the  Mastodon,  mentioned  by  Dr.  Koch,  are  described 
in  the  pamphlets  published  in  London  and  elsewhere  abroad ;  in 
the  Transactions  of  the  St.  Louis  Academy,  vol.  i,  p.  61,  1857 ; 

*  The  skeleton  was  on  exhibition  in  St  Louis  as  early  as  1856  or  1866,  as  stated 
jn  this  Journal,  II,  zzi,  146,  1856;  was  there,  as  I  learn  from  Dr.  Lapham,  sold 
to  the  Moaeimi  (Cariosity  shop) ;  and  thence,  later,  taken  to  Wood's  Uusexun  m 
Chioago^  where  it  ended  its  remArkable  career  in  the  greait  fiie  ol  \%*\\. 
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and  the_^rg(  of  tlie  cases  at  an  earlier  date  in  a  newspaper  article 
of  January,  1839,  cited  in  vol.  xxxvi  of  this  Journal  (1839). 
This  earliest  account  was  writtea  by  Dr.  Koch  himself,  the 
diflcOTerer,  for  it  is  all  in  the  Jirsl  person ;  and,  as  it  appeared 
within  a  few  months  of  the  discovery,  it  best  deserves  citatioo. 
It  is  therefore  here  republished,  and  after  it,  that  of  the  second 
case,  from  the  pamphlet  of  1843. 

I.  "It  is  with  the  greatest  pleasure  the  writer  of  thia  article  can 
state,  from  peraoiinl  knowledge,  that  on«  of  the  largest  of  these 
animals  has  ac;tually  been  atoned  and  buried  by  Indiana,  as 
appears  from  implements  found  among  the  ashes,  cinders,  and  lialf 
burned  wood  and  bones  of  the  animal.  The  circuiiistanceii  are  as 
follows : 

"  A  farmer  in  Gasoonade  County,  Missouri,  lat.  38°20'  N.,  Ion. 
9S°  W.,  wished  to  improve  his  spring,  and  in  doing  so,  discovered, 
about  five  feet  beneath  the  surtace,  a  part  of  the  back  anil  bip 
bone.  Of  this  I  was  informed  by  Mr.  Wash  [Walsh,  in  pamphlet 
of  1843],  and  not  doubting  but  the  whole,  or  nearly  the  whole 
skeleton  might  be  discovered,  I  went  there  and  found  as  had  been 
stated,  also  a  knife  made  of  stone.  I  immediatelv  commenced 
opening  a  much  larger  spaue ;  the  first  layer  of  earth  was  a  vege- 
table mould,  then  a  (due  clay,  then  sand  and  blue  elay,  I  found  a 
large  quantity  of  pieces  of  rocks,  weighing  from  two  to  twenty- 
fivu  pounds  each,  evidently  thf-wn  then-  wiih  tlie  iiiti'Mtioii  iif 
hitting  some  object.  It  is  necessary  to  remark,  that  not  the  least 
sign  of  rocks  or  gravel  is  to  be  found  neai-er  than  from  four  to  five 
hundred  yards ;  and  that  these  pieces  were  broken  from  lai^er 
rocks,  and  consequently  carried  here  for  some  express  purpose. 
After  passing  through  these  rocks,  I  came  to  a  layer  of  vegetable 
mould  ;  on  tne  surface  of  this  was  found  the  first  blue  bone,  with 
this  a  spear  and  axe;  the  spear  corresponds  precisely  with  our 
common  Indian  spear,  the  axe  is  different  from  any  one  I  have 
seen.  Also  ou  this  earth  was  ashes,  nearly  from  six  inches  to  one 
foot  in  depth,  intermixed  with  buriieil  wood,  and  burned  bones, 
broken  spears,  axes,  knives,  Jtc.  The  fire  appeared  to  have  been 
the  largest  on  the  head  and  neck  of  the  animal,  as  the  ashes  and 
coals  were  much  deeper  here  than  in  the  rest  of  the  body ;  the 
skull  was  quite  perfect,  but  so  mucii  burned,  that  it  crumbled  to 
dust  on  the  least  touch ;  two  feet  from  this,  was  found  two  teeth 
broken  off  from  the  jaw,  but  mashed  entirely  to  pieces.  Bv  pnlr 
ting  them  together,  they  showed  the  animal  to  have  been  mui'b 
larger  than  any  heretofore  discovered. 

"  It  appeared  by  the  situation  of  the  skeleton,  that  the  animal 
had  been  sunk  with  its  hind  feet  in  the  mud  and  water,  and  unable 
to  extricate  itself,  had  fallen  on  its  right  si<le,  and  in  that  situatiou 
was  found  and  killed  as  above  described,  consequently  the  hind 
•nd  fore  foot  on  the  right  side,  was  sunk  deeper  in  the  mud,  and 
hereby  saved  from  the  effects  of  the  fire ;  theiefoni  I  was  able  to 
re  the  whole  of  the  hind  foot  to  the  very  last  joint,  and  the 
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fore  foot  all  but  some  few  small  bones,  that  were  too  much  decayed 
to  be  worth  saving.  Also  between  the  rocks  that  had  sunk 
throagh  the  ashes,  was  foand  large  pieces  of  skin,  that  appeared 
like  fresh  tanned  sole  leather,  strongly  impregnated  with  the  ley 
from  the  ashes,  and  a  great  many  of  the  sinews  and  arteries  were 
plain  to  be  seen  on  the  earth  and  rocks,  bat  in  such  a  state  as  not 
to  be  moved,  excepting  in  small  pieces,  the  size  of  a  hand,  which 
are  now  preserved  in  spirits. 

^^  Should  any  doabts  arise  in  the  mind  of  the  reader,  of  the  cor- 
rectness of  the  above  statement,  he  can  be  referred  to  more  than 
twenty  witnesses,  who  were  present  at  the  time  of  digging." — This 
Journal^  1839,  xxxvi,  198. 

The  statements  respecting  this  discovery  in  the  pamphlet  of 
1848  agree  in  the  main  with  the  above.  There  is  the  addi- 
tional information  that  the  excavation  took  place  in  October, 
IfcSS ;  and  that  the  locality  was  within  800  yards  of  the  Bur- 
bois  (rightly  Bourbeuse)  River;  but  nothing  is  said  of  the 
'Marge  pieces  of  skin  tnat  appeared  like  fiesh  tanned  sole- 
leather  strongly  impregnated  with  the  ley  from  the  ashes,"  or 
of  "the  sinews  and  arteries"  that  "  were  plainly  to  be  seen  on 
the  earth  and  rocks,"  portions  of  "  which  are  now  preserved  in 
spirits." 

n.  "  The  second  trace  of  human  existence  with  these  animals,  I 
found  during  the  excavation  of  the  Missourium.  There  was  em- 
bedded, immediately  under  the  femur  or  hind  leg  bone  of  this  ani- 
mal, an  arrow-head  of  rose-coloured  flint,  resembling  those  used 
by  the  American  Indians,  but  of  a  larger  size.  This  was  the  only 
arrow-head  immediately  with  the  skeleton :  but  in  the  same  strata 
at  a  distance  of  five  or  six  feet,  in  a  horizontal  direction,  four 
more  arrow-heads  were  found ;  three  of  these  were  of  the  same 
formation  as  the  preceding ;  the  fourth  was  of  very  rude  workman- 
ship. One  of  the  last  mentioned  three  was  of  agate,  the  others  of 
blue  flint.  These  arrow-heads  are  indisputably  the  work  of  human 
hands.  I  examined  the  deposit  in  which  they  were  embedded,  and 
raised  them  out  of  their  embedment  with  my  own  hands. 

"The  original  stratum  on  which  this  river  flowed  at  the  time  it 
was  inhabited  by  the  Missourium  Theristocaulodon  (and  up  to  the 
time  of  its  destruction),  was  of  the  upper  green  sand.  On  the 
surface  of  this  stratum,  and  partly  mingled  with  it,  was  the  deposit 
of  the  before-described  skeleton.  The  next  stratum  is  from  three 
to  four  feet  in  thickness,  and  consisted  of  a  brown  alluvium  of  the 
Eocene  region,  and  was  composed  of  vegetable  matters  of  a  tropi- 
cal production — it  contained  all  the  remainder  of  the  skeleton. 

"  Most  of  these  vegetables  were  in  a  great  state  of  preservation, 
and  consisted  of  a  large  quantity  of  cypress  burs,  wood  and  hark, 
tropical  cane,  ferns,  palmetto  leaves,  several  stumps  of  trees,  and. 
even  the  greater  part  of  a  flower  of  the  strelitzia  class,  which, 
when  destroyed,  was  not  full  blown.  There  was  no  sign  or  indi- 
cation of  any  very  large  trees,  the  cypresses  that  were  discovered 


bein>;  the  largest  llml  were  growing  here  at  the  time.  These  vari- 
oufi  matters  had  been  toro  up  hy  their  roots  and  twisted  and  split 
into  a  thousand  pieces,  apparently  by  lightDiiig,  combined  vith  t 
tremendous  tempest  or  tornado;  and  all  were  involved  in  one 
common  niin.  Several  veins  of  iron  pyntee  ran  throagh  thii 
Btratuiit. 

"The  next  over  this  formation  was  a  layer  of  plastic  clay  of  tlie 
Eocene  region,  also  with  iron  pyrites — it  was  three  feet  io  thick- 
ness. Over  this  was  a  layer  of  conglomeralc,  from  nine-  to 
eighteen  inches  in  thickness  ;  over  this  a  layer  of  marl  of  the  Plio- 
cene region,  from  three  to  fonr  feet  in  thickness ;  next  a  second 
conglomerate,  from  nine  to  eighteen  inches  in  thickness  ;  this  v>i9 
Buoceeded  by  a  layer  of  yellow  elay  of  the  Pliocene ;  over  this  a 
third  layer  of  conglomerate,  from  nine  to  eighteen  inches  in  thiek- 
ness ;  and  at  last  the  present  surtiicc,  oonsistjng  of  a  delta,  or  alio- 
vial  deposit,  formed  hy  the  river,  condsting  of  brownish  oUt, 
mingled  n-ith  a  few  pebbles,  and  covered  wtth  large  oak,  maple 
snd  elm  trees,  which  were,  as  near  as  I  could  ascertain,  from  BO  tr 
100  years  old.  In  the  center  of  the  above-mentioned  deposit  wsi 
a  large  spring  which  appeared  to  rise  from  the  very  bowels  of  the 
earth,  as  it  was  never  affected  by  the  severest  rain,  nor  did  it  be- 
come tower  by  the  longest  drought" — I}r.  KociCs  Pamphbt  of 
1B43,  pHges  27,  19  and  14. 

The  first  question  before  us  is:  Whether  the  observalioi 
and  conclusions  Id  the  above  statenientti  may  be  accepted  with 
coDlicieufC  becBtise  made  by  a  geologist,  or  a  man  of  wientif 
training? 

In  the  account  of  the  second  case  above  cited,  Dr.  Koch  says 
that  tlie  Missouriiini  was  embedded  in  "a  brown  alluvium  of 
the  Eocene  region''  resting  on  the  "upper  green  sand;"  that 
next  over  it  there  wns  jila-itic  clnj  of  "the  Eocene  rep-ion  "  and 
beds  of  "  the  Pliocene  region,"  He  thus  makes  his  Missourium 
to  have  come  from  the  Lower  Tertiary,  and  fmm  a  bed  just 
above  the  upper  green  sand  (Cretaceous),  when  actually  from 
Quaternary  beds ;  and  he  uses  the  terms  Eocene  and  Plioane 
as  if  he  had  no  familiarity  with  geological  facts  or  language. 
The  earlier  pamphlet  of  184U  avoids  this  bad  geology,  the 
"upper  green  sand  "  in  that  being  called  simply  quicksand,  and 
the  other  beds  merely  beds  of  clay  and  conglomerate.  All  the 
pamphlets  sustain  the  conclusion  that  Dr.  Koch  knew  almost 
nothing  of  geology,  nnd  that  what  he  gradually  picked  up  from 
intercourse  witli  geologists  he  generally  made  much  oi^  but  sel- 
dom was  able  to  use  rightly. 

In  zoological  knowledge  he  was  eoually  deficient  The  ac- 
count of  the  Missourium,  in  the  pamplilet  of  1841,  recognizes  a 
.resemblance  to  the  Mastodon  and  Elephant;  but,  notwith- 
standing this,  it  says  that  "  his  feet  were  webbed ;"  that  he  had 
"been   without  doubt  an  \nV»fe\^as\\.  o'i  ■v^.xks  c»\u«Ks.such  as 
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[ai^  rivers  and  lakes,''  as  his  webbed  feet,  solid  bones  without 
[narrow,  short  and  thick  legs,  flat  and  broad  tail,  etc.,  proved ; 
that  his  curving  tusks,  10  feet  in  length,  **were  carried  by  him 
ilmost  horizontally  [as  represented  on  the  cover  of  the  pam- 
[)hlet  of  1848],  so  that  it  would  be  impossible  for  him  to  exist  in  a 
timbered  country  ;"  that  his  food  (the  teeth  having  before  been 
iescribed  rightly  as  eight  in  number,  "four  upper  and  four 
lower  ")  "  consisted  as  much  of  vegetables  as  flesh,  although  he 
undoubtedly  consumed  a  great  abundance  of  the  latter ;"  that 
be  **  was  capable  of  feeding  himself  witk  his  forefoot^  after  the  man- 
ner  of  the  beaver  or  otter ;"  and  that  he  "  possessed,  also,  like  the 
bippopotamus,  the  faculty  of  walking  on  the  bottom  of  waters 
ind  rose  occasionally  to  take  air;"  that  "the  singular  position 
>f  the  tusks*  has  been  wisely  adapted  by  the  Creator  for  the 
protection  of  the  body  from  the  many  injuries  to  which  it  would 
[>e  exposed  while  swimming  or  walking  under  water;  that  it 
ippears  that  the  animal  was  covered  with  the  same  armor  as  the 
uligator,  or  perhaps  the  megatherium." 

Later  in  the  pamphlet,  he  goes  on  with  his  conclusions  and 
javs :  "  After  having  examined  this  subject  in  all  its  bearings, 
[  have  come  to  the  conclusion  that  the  leviathan — described  in 
ihe  41st  chapter  of  the  book  of  Job — ^is  none  other  than  the 
ilissourium  here  described,  and  from  this  time  I  shall  call  it  the 
Missouri  LeviaAan  {Leviathan  Missourii)" 

Next  follows  a  comparison  with  the  account  of  Job,  taking 
ip  the  several  verses  in  order.  On  the  first,  '*  Canst  thou  draw 
)ut  Leviathan  with  a  hook?"  he  says :  "The  Missourium,  as  I 
lave  described,  was  a  creature  of  enormous  magnitude,  ferocity, 
md  strength,  as  well  as  fleetness  in  swimming ;  and  by  reason 
>f  his  great  weight  and  strength  could  attack  the  largest  animals 
viih  impunity  and  overcome  them  with  ease ;  nor  is  it  probable 
hat  any  combination  of  human  force  was  able  to  draw  him  out 
)f  his  native  element"  The  sentence  "  Who  can  come  to  him 
vith  his  double  bridle  ?"  has  the  following  exposition  :  "  The 
asks  coming  out  of  the  head  until  they  arrive  at  a  parallel 
vith  the  nose,  then  turning  suddenly  back  and  forming  a  semi- 
;ircle  around  the  head  (like  a  shield  to  prevent  anythmg  from 
ipproaching  it),  and  measuring  from  point  to  point  in  a  straight 
ine  over  the  head  15  feet ;  it  can  be  seen  at  once  how  utterly 
utile  would  be  any  attempt  to  cast  a  bridle  over  him." 

Dr.  Koch  closes  this  exposition  and  his  pamphlet  with  a  para- 
graph explaining  how  the  "Leviathan,  which  is  described  as 
)eing  an  mhabitant  of  Asia,  came  to  be  found  in  the  extreme 
fest  of  the  globe." 

*  The  position  which  one  chanced  to  be  in  when  the  Misaouriiun  was  exhumed, 
n  the  newspaper  article  hy  Mr.  Koch,  cited  in  this  Journal  at  p.  191  of  vol.  xzxvii, 
.  Muiodan  \b  reported  as  having  been  found  with  the  tusk  in  this  position,  and 
'  Blodi's  Missourium  "  is  mentioned  as  a  nondescript  animal,  the  head  of  which  he 
ound  near  the  same  place. 
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The  Dublin  pamphlet  of  1543  shows  some  gain  in  knowledge ; 
but  the  author  still  holds  that  the  Missouriuni  was  not  solely 
herbivorous;  that  its  tusks  curved  outward  horizontally;  tbatit 
"  waded  frequently  at  the  bottoms  of  the  former  gigantic  rivers 
and  lakes  of  the  west ;"  that  "  the  ribs  resembled  more  those  of 
the  Reptilia  than  those  of  the  quadrupeds,  being  situated  half 
reversed  in  the  body  [Dr.  Koch's  misplacement  of  them]; 
that  is,  the  lower  edge  of  the  rib  bends  in  toward  the  intestines, 
and  the  upper  edge  out  toward  the  skiu  "  (as  stated  also  in  the 
pamphlet  of  1840) ;  and  he  ends  off  with  the  same  detailed 
"  comparison  of  the  Leviatbau  with  the  Miasourium,"  and  the 
same  explanation  of  how  such  an  Asiatic  inhabitant  came  to 
be  found  "  in  the  extreme  west  of  the  globe" 

Now  this  web-footed  aquatic  animal,  capable  of  feeding  him- 
self with  his  forefoot,  was  no  other  than  the  American  AJaatodon, 
whose  forefeet  were  as  good  for  putting  food  inio  its  mouth,  or 
picking  its  teeth,  as  any  Elephant's.  The  specimen  taken  to 
Engliind,  in  1841,  as  the  Miasourium,  and-  which  Professor 
Owen  says  was  "  well-known  to  the  public  as  the  Atissouri  Levia- 
than, when  exhibited  with  a  most  grotesquely  distorted  and  ex- 
aggerated collection  of  the  bones  in  1842  and  1843  in  the  Egyp- 
tian Hall,  Piccadilly,"  is  now  (1846),  he  adds,*  an  almost  com- 
plete skeleton  of  "  the  JJaslodon  gigunkus,  mounted  in  strict  ac- 
cordance with  its  natural  proportions  in  the  British  Museum;" 
and  a  represent alion  of  it,  copied  from  Owen,  is  the  figure  of 
the  Mastodon  on  page  606  of  the  writer's  Manual  of  Geology. 

It  is  pretty  plain  that  Dr.  Koch  had  not  been  trained  to  scien- 
tific investigation.  This  is  equally  obvious  from  his  two  pamph- 
lets on  the  "HydrargoH." 

(1)  The  skeleton  exhibited  in  New  York  in  1846,  and  de- 
scribed in  the  pamphlet  of  that  date,  was  114  feet  long,  and  this 
was  at  least  35  feet  longer  than  nature — the  vertebra  gathered 
by  him  in  Alabama  having  been  all  strung  together  into  one 
long  "Hydraigoa,"  though  belonging  really,  as  Dr.  Jeffriea 
Wyman  announced,  to  individuals  of  different  ages,  and  accord- 
ing to  Miiller,  to  at  least  two  species  {Zeuglodon  macrospondylui 
and  if.  brachyspondylus  of  Miiller). 

(2)  The  head  was  in  part  a  piece  of  bad  patchwork;  Dr. 
Wyman  slating  in  his  notes,  made  alter  a  careful  examinatioD,t 
that  the  cranium  proper  (the  part  over  the  brain)  was  made  out 

oo/  a  single  piece  of  Done  without  sutures,  leading  to  the  sup- 

""      'tion  that  it  was  not  the  true  cranium,  an  inference  sustained, 

ys,  by  there  being  no  foramen  for  the  passage  of  the  spinal 

'Hislory  ofBiitiali  Fosail  UammiilB  and  Birds,  by  Richard  Owen,  F.R.8.,  etc, 
London,  ISjr,,  page  298. 

t  Proceedinjs  BoBton  Nat  Hist.  Sac.,  1845,  p.  66.  In  this  Journal,  n,  ii,  IS9 
(18401,  wtiere  Dr.  Wjmui'a  article  ia  noUced  by  B.  Sillimati,  Jr.,  there  la  a  flgnn 
-**""  remarkable  head. 
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marrow,  and  no  larger  space  for  the  brain  than  that  for  the 
Bpinal  cord  on  the  upper  side  of  some  of  the  vertebrae ;  and  by 
the  amount  of  cement,  which  left  little  or  nothing  of  the  under 
surface  in  sight. 

(8)  The  extremities  of  the  so-called  paddles  were  formed, 
says  Dr.  Wyman,  of  casts  o/^^a  species  of  Nautilus.^' 

The  Hydrargos  or  Hydrachen  pamphlets  hence  do  not 
require  any  modification  of  the  opinion  that  Dr.  Koch  had  not 
been  trained  to  scientific  investigation. 

But  on  this  point  we  have  the  opposing  assertion  of  Dr.  Koch. 
Being  in  a  foreign  country,  where  he  had  to  make  himself 
known,  he  opens  his  pamphlet  of  1848  with  the  following 
introduction  of  himself  to  the  public : 

"  Previous  to  my  commencing  this  Treatise,  I  wish  particularly 
to  mention  that  I  nave  not  only  devoted  the  greater  part  of  my 
life  to  the  theoretical  study  of  Natural  History,  but  have  also 
made  myself  intimately  acquainted  with  the  practical  part  of  it.'' 

Still,  we  are  unable  to  set  aside  the  facts  presented  in  the 
preceding  pages  and  the  opinion  to  which  they  have  led,  and 
therefore  feel  forced  to  take  this  introductory  paragraph  diifer- 
ently  from  what  the  author  intended,  and  gatner  from  it  that 
Dr.  feoch  was  a  man  of  large  pretensions.  This  same  impres- 
sion is  conveyed  by  the  account  of  his  scientific  travels  in  North 
America,  which  occupies  the  following  six  pages.  I  give  an 
example  On  the  third  of  these  pages  he  describes  the  era  of 
the  **  mighty  Missourium"  and  '*  ponderous  Mastodon"  as  a  time 
when,  according  to  "every  geological  research,"  the  earth's 
surface  was  "uninterrupted  by  any  of  the  rough,  broken, 
rugged  deformities  which  now  present  themselves  on  every 
side,"  when  "  the  climate  was  free  from  noxious  vapors,"  and 
all  was  "  delightful,"  etc. ;  and  then  dwells  on  the  sudden 
dreadful  change  when  "the  ground  was  cursed  for  man's  sake" 
and  "all  those  gigantic  creatures  perished,"  and  "the garden  of 
delicious  fruit  trees  and  blooming  flowers  was  conveited  into 
a  gloomy  forest  of  thorns  and  thistles."  He  also  gives  us  his 
idea  as  to  the  nature  of  the  great  catastrophe,  as  follows: 
"  The  principal  instrument  used  to  cause  this  change,  according 
to  my  views,  was  a  certain  Comet  that  came  in  contact  with  our 
fflobe,  which  caused  not  only  a  different  position  of  our  earth, 
but  also  the  interior  fire  and  water  to  come  into  an  immediate 
violent  collision,  which  created  a  revolution,  that  naturally 
sought  for  vent,  and  therefore  burst  through  the  crust  of  the 
quivering  earth,  tore  up  countries  and  sank  them  in  the  sea." 

This  is  enough  to  prove  that  these  pages  do  not  sustain  his 
laree  claiuL 

Molding,  then,  to  the  conclusion  thai  "Dt.  TLo^  ^«j^  ojjvSXfc 


igQorant  of  geology  and  without  scienlific  ti'iiJQing,  we  in 
forced  to  doubt,  lo  doubt  strongly,  his  direct  and  definite  sttte- 
ment  that  be  had  devoted  the  greater  pari  of  liis  life  to  "  iba 
theoretical  study  of  Natural  History"  and  had  made  him«H 
"intimately  acquainted  with  the  practical  part  of  it."  It  is 
true  that  be  knew  about  the  earlier  part  of  hia  own  Hie  better 
than  any  other  person  then  living.  Any  way,  he  certainly 
overrated  almost  infinitely  Ihe  results  oq  himself  of  so  prolongea 
study.  This  much  we  are  disposed  lo  allow  in  favor  of  bis 
sagacity :  that  Dr.  Koch  appreciated  the  absurdity  of  the 
Leviathan  .story,  and  iutroduceil  it,  after  some  thought  abonl 
the  people  he  was  among,  merely  lo  get  a  fuU  house  for  hi* 
Missounum  ;  and  that  his  attempied  show  of  scientific  knowledge 
had  the  same  eod  in  view.  U  this  supposition  is  unjust  to  him, 
the  other  alternative  explanation  has  to  stand.  In  his  New 
Orleans  "  Hydrachen"  pamphlet  (1853),  the  inside  pi^ee  of  the 
cover  contain  a  long  cited  article*  which  makes  the  Zenglodon 
the  Leviathan  of  Job — thus  showing  apfwrenlly  that  hia  pren- 
0U8  convictions  were  not  too  strong  for  a  change  of  opinion, 
especially  after  the  Missoarium  had  turned  into  a  Mastoaoo. 

The  special  statements  respecting  the  mode  of  occurrence  d 
the  human  rcHrs  died  on  pagcfi  338  to  340  remain  for  con- 
sideration. 

In  the  account  of  the  deposits  which  afforded  the  Missourium, 
Dr.  Koch  speaks  of  "  the  present  surface  as  consisting  of  a 
delta  or  alluvial  deposit,''  wnich  suggests  a  doubt  as  to  whether 
the  overlying  beds  of  sand  and  pebbles  may  not  have  been  of 
very  recent  formation  through  river  action.  It  is  not  made 
certain  that  they  were  true  ChampJain  deposits.  He  says  that 
one  atrow-head  lay  "immediately  under  the  femur  or  thigb- 
bone,''  and  he  further  states,  in  his  later  article  of  1867,  that  he 
"carefully  thought  to  investigate"  the  point  as  to  its  having 
"been  brought  thither  after  the  deposit  of  the  bone,"  and  de- 
cided against  it.  The  observation  and  conclusion  would  have 
been  more  satisfactory  had  the  author  of  them  been  a  better 
observer. 

Tlie  description  of  the  deposits  in  Gasconade  County,  con- 
taining the  remains  of  an  animal  "the  principal  part  of  which 
had  been  consumed  by  fire."  is  a  still  more  unsatisfactory  basis 
for  a  safe  conclusion  as  to  age.  But  in  the  article  of  1857  he 
says  that  "  the  layer  of  ashes,  etc.,  was  covered  by  strata  of 
alluvial  deposits  consisting  of  clay,  sand  and  soil  from  eight  Ui 
nine  feet  thick  forming  the  bottom  of  the  Bourbeuae  [Siver]  in 

*  It  la  headed  "  From  the  New  York  BTentteliat,"  and  must  hsra  be«a  writtas 
i  fai  IB4S,  when  the  akeleton  was  on  exhibition  in  New  York  City.  The  ■otlior^ 
^flpa  !■  Dot  givw. 
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generalj^^  which  seems  to  make  it  almost  certain  that  the  beds 
were  of  quite  recent  origin.  Neither  in  the  account  of  1889, 
nor  of  1848,  is  the  kind  of  animal  mentioned,  that  of  1843  say- 
ing that  "  thej  were  the  remains  of  an  animal  which  had  clawed 
feet  and  was  of  the  size  of  an  elephant,"  and  "that  the  con- 
struction of  the  foot  [fore  foot]  shows  that  it  possessed  much 
power  in  grasping  and  holding  objects ;"  but  in  that  of  1857  he 
says  **  the  bones  were  suflScientlv  well  preserved  to  enable  one 
to  decide  positively  that  they  belong  to  the  Mastodon  giganteus" 

The  tragic  part  of  the  story — about  the  elephantine  beast 
having  been  burnt  alive  by  the  Indians  after  they  bad  used  their 
bows,  and  also  thrown  more  than  150  great  pieces  of  rocks 
'*two  to  twenty-five  pounds  in  weight"  at  him  in  vain, — is  an 
hypothesis  in  keeping  with  the  rest  of  his  documents.  A  fire 
kindled  about  the  shoulders  of  a  mired  Mastodon  would  have 
taken  long  to  ^et  through  the  hide  and  muscle  so  as  to  char 
the  bones ;  and  an  Indian's  appetite  would  have  been  pretty 
sure  to  have  stopped  the  cooking  short  of  this  charring.  The 
charring  might  have  been  done  very  long  after  the  miring  and 
death  of  the  animal,  and  the  facts  be  all  as  they  are  reported. 
The  remark  that  '*  the  greater  portion  of  the  bones  had  been 
more  or  less  burned  by  fire"  favors  the  idea  that  the  fire  was 
made  about  the  bones  at  some  time  between  the  era  of  the 
Mastodon  and  the  present  time,  and  not  about  the  living  body. 

The  failure  to  repeat,  in  either  of  the  later  accounts,  the  early 
statements  respecting  the  large  pieces  of  skin  that  appeared  like 
fresh  tanned  sole-leather,"  and  the  "  sinews  and  arteries  plain 
to  be  seen  on  the  earth  and  rocks,"  shows  that  he  afterward 
doubted  and  rejected  this  part  of  his  observations ;  and  this 
unavoidably  suggests  some  doubt  as  to  the  other  points ;  even 
to  Questioning  whether  the  charring  was  not  in  fact  only  a 
blackening  in  color  due  to  burial  in  tne  marsh — a  very  common 
effect  from  such  a  cause ;  whether  the  crumbling  was  not 
a  result  of  that  natural  decay  which  so  generally  befalls  old 
bones ;  and  whether  the  stone  implements  lound  were  not  small 
oblong  stones  of  nature's  chipping  or  polishing. 

Thus  stands  the  evidence.  If  the  statements  respecting  the 
deposits  had  been  published  by  a  good  geologist  with  no  more 
of  detail,  and  without  any  special  effort  afterward  to  make  all 
things  positive,  there  would  be  some  room  for  doubt,  consider- 
ing the  many  chances  of  error  that  exist  But  in  the  present 
case  they  were  not  made  by  a  good  geologist ;  they  were  not 
made  by  one  trained  to  investigation,  or  to  habits  of  precise 
statement ;  nor  by  one  who  bad  a  knowledge  of  any  aepart- 
ment  of  science ;  nor  by  one  whose  sound  common  sense  was 
so  obvious  a  characteristic  as  to  demand  consideration  for  his 


I 


opinions  and  statements;  nor  by  one  wbollj  free  from  pretenn 
and  iiham. 

Taking  all  things  that  have  been  reviewed  into  consideration, 
I  think  there  is  sufficient  reason  for  regarding  Dr.  Koch's 
evidence  of  the  cotemponmeity  of  Man  and  the  Mastodon  '*tj 
doubtful.  It  is  to  be  hoped  that  the  geologists  of  the  Missouri 
Qeologica]  Survey  now  iu  progress  will  succeed  in  settling  the 
question  positively. 

The  CO  tempo  ran  eity  claimed  will  probably  be  shown  to  be 
true  for  North  America  by  future  discoveries  if  not  already  so 
established  ;  for  Man  existed  in  Europe  long  before  the  extiuo 
tion  of  the  American  Mastodon, 


ABT.  XXXVI. — Benl/iam,  On  the  recent  Progreaa  and  praat 
iHlate  of  iHystemalic  Botany. 

[ContlDued  from  page  394] 

As  to  the  necessity  or  advantage  of  artiScial  keys  to  species 
in  systematic  works,  when  the  species  of  a  genus  are  brought 
into  an  order  which  as  much  as  possible  exhibits  their  natuni 
rehitionsbips,  it  is  seldom  difficult  to  divide  and  subdivide  the 
groups  by  important  characters,  if  pains  enough  be  taken,  so 
that  the  series  of  subordinated  divisions  shall  completelv  and 
practically  do  the  work  of  an  artificial  key.  The  advanEages 
are  that  the  student's  attention  is  fixed  from  the  first  upon  the 
more  natural  characters  and  their  comliinations  ;  also,  the  more 
thorough  the  subdivision,  the  briefer  and  more  diagnostic  uia; 
be  the  description  of  the  aperies,  wince  the  points  mentionf^ 
in  the  sections  need  not  be  repeated. 

In  this  connexion  we  can  best  bring  in  the  few  remarks  we 
have  to  offer  upon  the  present  tendency,  which  Mr.  Bentbam 
fevors,  to  merge  specific  character  (or  full  diagnosis)  and  de- 
tailed description  into  one,  making  of  that  one  the  latter  rather 
than  the  former,  and  drawing  it  up,  when  Latin  is  used,  in  the 
nominative  rather  than  in  the  ablative  case.  Granted  that  "we 
cannot  now  restrict  them  to  the  twelve-word  law  of  Linnfens," 
and  that  "a  twelve-line  ablative  diagnosis  is  an  absolute  nui- 
sance,"  our  choice  is  not  bound  to  either  of  these  extremes,  and 
the  happy  medium  may  generally  be  hit  The  diagnostic  form 
is  a  constant  enjoinder  of  brevity  and  of  utmost  perspicuity. 
The  protracted  specific  characters'  which  Mr,  Bentham  rigbtiy 
deprecates  generally  mean  slovenly  work.  To  keep  them  within 
bounds  we  nave  only  to  insist  upon  critical  grouping,  and  sub- 
ordinated sections  and  subsections,  such  as  we  have  just  recom- 
meoded.    Id  this  way  we  adapt  the  Linneean  diagnosis  to  oar 
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present  needs,  retaining  all  its  advantage&  The  other  course 
we  fear  will  tend  to  prolixity  and  looseness,  however  well  it 
may  work  in  such  judicious  and  practised  hands  as  those  of 
Mr.  Bentham.  Finally,  if  we  have  no  diagnosis,  but  only  a 
description,  then  the  nominative  case  is  a  matter  of  course. 
If  we  retain  the  Latin  diagnosis,  we  may  well  retain  the  abla- 
tive case,  as  having  some  advantage  in  succinctness,  and  the 
prestige  of  long  use.  A  reasonable  punctuation  ought,  however, 
to  be  settled  on, — the  two  prevalent  extremes  being  about 
equally  awkward  and  inconvenient  A  juste  milieu  is  not  far  to 
seek.  Even  in  English  there  is  still  advantage  in  the  diagnos- 
tic form,  rel^ating  details  and  subsidiary  or  explanatory  mat- 
ter to  a  separate  sentence  or  paragraph. 

Of  Linnaeus's  two  great  gifts,  the  binomial  nomenclature 
and  the  diagnosis,  we  are  almost  as  reluctant  to  give  up  the 
one  as  the  otner. 

Upon  the  languages  actually  in  use  in  systematic  botany,  Mr. 
Bentham  has  some  interesting  remarks,  which  fill  three  or  four 
pKBgea  In  the  preparation  of  this  and  his  previous  somewhat 
similar  addresses,  he  had  to  consult  botanical  publications  in 
no  less  than  fifteen  languages.  Surely  no  other  living  bot- 
anist is  able  to  do  so,  and  to  read  a  majority  of  them  with 
fiicility.  It  is  conceded  that,  while  works  intended  for  the 
beginner  or  amateur,  or  for  teaching  the  well-known  botany  of 
a  particular  country,  should  be  in  the  familiar  language  of  the 
oountry,  yet  "  purely  scientific  treatises,  and  technically  descrip- 
tive works,  which  all  botanists  may  have  to  take  cognizance  of, 
and  for  which  the  commercial  demand  may  be  too  limited  io 
ensure  their  translation  into  various  languages,*'  should  be  writ- 
ten in  the  one  most  likely  to  be  understood  by  the  greater 
number  of  students  of  all  countries, — that  is,  in  Latin ;  which, 
moreover,  is  **  best  suited  for  technical  dia^oses  and  descrip- 
tions, from  its  concise  character  and  from  its  susceptibility  of 
being  subjected  to  technical  forms,  without  jarring  upon  the 
conventionalities  of  living  languages  in  familiar  use."  To 
which  we  may  add,  that  a  sufficient,  long-tried,  and  well- 
settled  vocabulary  has  been  formed  from  it,  which  cannot  be 
readily  rendered  into  other  tongues  without  danger  of  ambi- 

Suity,  except  by  transferring  the  terms  themselves,  as  we  have 
one,  into  English,  the  genius  of  our  language  lending  itself 
readily  to  the  transference.  Happily,  botanical  English  and 
botanical  Latin  are  very  much  alike. 

Modem  languages  are,  and  must  needs  be,  more  and  more 
used  for  general  descriptions  and  scientific  investigations  and 
dificussions;  ^'and  of  these  are  three  which  at  the  present  day 
every  botanist  ought  to  understand,  and  in  one  of  which  [be- 
sides his  yemacular]  he  ought  to  be  able  to  write, — all  three 

Am.  Joub.  Sgi.— Tbisd  Sibibs,  vol.  IX,  No.  68.— Mat,  1875. 
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having  a  rich  litcmture  in  every  branch  to  repay  the  InUir  uf 
leamiug  ibetn.  independently  of  science;  these  are  Frencb, 
English,  and  German." 

"French  has  long  been  considered  the  one  among  modern 
languages  forming  the  nearest  approach  to  a  comaion  one;  itis 
easy,  comparatively  simple  in  construction,  not  overburdened 
with  redundant  words,  and,  above  all,  is  readily  broken  up  iiilo 
short  phrases,  au  invaluable  quali6cation  for  cleameas  of  me- 
thodical exposition.  It  has  long  been  the  recognized  diplumalic 
language,  and  the  first  foreign  one  taught  in  most  European 
schools  ;  and  although  within  my  own  recollection  national  ani- 
mosities  may  have  from  time  to  time  thrown  it  into  disfavour 
in  Germany  and  Eastern  Europe,  yet  it  always  appears  to  re 
cover  ita  prestige  there  iu  general  society.  At  the  meetings  of 
the  botanists  of  various  nations  congregated  at  Florence  last  May, 
it  was  the  general  medium  of  iutercourae,  although  the  Frenc'b 
men  present  were  in  a  very  small  minority.  And  in  every  branch 
of  science  or  literature  to  which  I  have  paid  more  or  leas  atten- 
tion, it  possesses  more  instructive  elementary  works,  more 
readily  intelligible  treatises  and  clearer  expositions  of  abstruse 
subjects,  than  any  other  language  I  am  acquainted  with.  For 
the  botanist,  therefore,  as  well  as  for  all  naturalists,  its  study  is 
stiJl,  and  I  believe  will  long  remain,  of  first-rate  importance. 

"  The  EngUsb  language  has  of  late  yeara  been  recommi'DJed 
by  more  than  one  continental  naturalist  for  general  adoption  as 
a  vehicle  for  international  scientific  inlereourse.  It  partakes  uf 
some  of  the  advantages  of  both  the  Fi-eneb  and  the  Germac. 
Though  less  brilliant,  it  ofl'ers  more  variety  than  the  former,  il 
is  less  involved  than  the  lattiir,  and  it  appears  to  be  capable  of 
giving  more  precision  and  force  to  argument  than  either.  It  is 
DOW  the  national  language  of  the  largest  proportion  of  the  civi' 
lized  population  of  the  globe,  and  its  use  continues  steadily  W 
spread  out  of  Europe  generally,  and  to  a  cerLiin  extent  among 
Euroj-ie-Tu  nalur;t!iste  :iiid  other  pducated  eljsst'ii,  eapec'ijliy  iu 
eastern  and  northern  Europe.  They  begin  to  admit  the  neces- 
sity of  consulting  our  untranslated  treatises  and  memoirs,  and 
our  German  and  east  European  botanical  correspondents,  at 
least,  accept  English  letters  as  readily  as  French.  In  southern 
Europe  French  is  still  much  more  generally  understood;  but 
even  there  the  objections  to  the  extended  use  of  our  language 
for  botanical  works  have  now,  I  believe,  lost  much  of  their 
force. 

"  The  German  is  a  more  difficult  language,  much  more  diOSeuIt, 
indeed,  for  the  Latin  nations  of  southern  and  western  Europe 
than  for  ourselvea  Its  construction  is  involved,  its  extraorui- 
nar J  copiousness  occasions  a  strain  upon  the  memory;  but  it 
affords  great  facilities  foT  ^vrwi%  e,i.i^Kaa\*i\i  ^  minutely  dis- 
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tinguished  details,  whether  of  fact  or  of  thought  It  may  thus 
frequently  give  greater  solidity  to  their  theoretical  expositions 
than  the  French,  out  is  infinitely  more  diflBcult  to  translate ;  and 
to  those  who  are  not  thoroughly  used  to  its  intricacies  it  seems 
to  foster,  if  not  to  create,  confusion  of  ideas.  Germany  has 
now,  however,  so  long  included  so  many  publishing  centres  of 
scientific  importance,  and  its  language  has  been  so  generally 
used  by  Scandinavian  and  Sclavonian,  as  well  as  by  their  own 
naturalists,  that  a  sufficient  acquaintance  with  it,  to  study  the 
very  numerous  works  it  jjroduces,  can  no  longer  be  dispensed 
with  by  the  general  botanist" 

Mr.  Benthara  goes  on  to  consider  the  principal  classes  of 
works  in  systematic  botany,  recently  publisned  or  in  progress, 
under  the  heads:  1.  of  Ordlnes  Flantarum,  or  the  like,— of 
which  Lindley's  Vegetable  Kingdom  (very  great  in  its  merits 
and  its  faults)  was  the  most  conaplete  and  elaborate,  and  Le 
Maout  and  Decaisne's  Traite  de  notanique  (and  especially  Dr. 
Hookers  English  edition)  the  only  modem  substitute,  and 
indeed  far  better  in  the  way  of  structural  exposition.  But  it 
covers  less  ground.  Mr.  Bentham  rightly  enough  deprecates 
the  proposed  reproduction  of  Lindley's  great  work,  as  **  scarcely 
fair  to  the  memory  of  the  talented  author."  To  the  bizarre 
classification  and  many  strange  and  fanciful  views  of  affinity 
not  even  Lindley's  talents  and  ardor  could  give  vitality  and 
currency  during  his  life-time.  But  there  is  a  part  of  this  the- 
saurus which  might  be  reproduced,  with  needful  additions,  to 
great  advantage,  namely  tnat  which  relates  to  the  properties 
and  uses  of  plants.  This,  well  edited,  would  form  a  good-sized 
and  surely  a  most  useful  volume, — a  companion  and  supple- 
ment to  the  French  work  just  mentioned,  wnich  is  weak  in  this 
department. 

Under  the  second  head,  of  Oeiiera  Plantarunij  a  good  account 
is  given  of  the  scope  and  plan  of  the  work  upon  which  Mr.  Ben- 
tham is  now  engaged,  in  conjunction  with  Dr.  Hooker.  This 
Publication  began  in  1862,  and  is  now,  it  may  be  said,  half 
one.  We  may  count  upon  having  the  second  volume  com- 
pleted before  the  present  year  is  out. 

Umler  the  third  head,  of  Specie's  Plantarum^  after  more 
remarks  upon  De  CandoUe's  Prodomus,  and  its  completion,  or 
rather  its  close  at  the  end  oi'  the  Dicotyledons,  Mr.  Bentham 
raises  the  question  whether  it  may  not  still  be  practicable  to 
have  a  condensed  Species  or  Synopsis  Plantarum  for  all  Plise- 
nogamous  plants,  within  a  single  generation.  Alphonse  De 
Candolle  s  recent  estimate  and  hopeless  conclusion  are  familiar 
to  us.  Mr.  Bentham's  leas  discouraging  view,  the  grounds  of 
which  are  disclosed  in  the  following  extract^  \a  ^"Kt^i^X^  Xs^*^ 
upon  hia  own  experience. 


"  Alpboose  De  Candolle,  in  the  above  quoted  'Rcflexiona,' 
has  shown  how  little  chance  there  is  of  a  uniform  '  Species 
Plantarum '  being  again  undertaken  with  any  prospect  of  its 
being  brought  to  a  successful  conclusion-  He  calculates  that 
it  would  require  fifteen  or  sixteen  years'  labour  of  some  five- 
and-twenty  botanists,  working  under  the  direction  of  abouteiglit 
to  ten  editors, — a  combination  which  it  is  highly  improhaw* 
will  ever  be  practically  brought  to  bear.  His  calculations  may, 
however,  be  a  liltle  overcharged.  He  supposes  that  each  bot- 
anist would  not  work  up  more  than  800  species  in  a  year:  that 
may  be  the  caae  in  a  monograph,  when  every  detafl  is  to  be 
gone  through  from  personal  observation;  but  this  would  nol 
now  be  necessary  in  a  general  'Species  Plantarum,'  which  would 
be  most  useful  a?  a  concise  methodical  compilation.  Much  of 
the  labour  expended  on  the  '  Prodromus'  and  on  detached  mono- 
graphs and  floras  need  not  be  repeated.  As  pre-Linmean  sya- 
onyms,  upon  which  so  much  time  was  formerly  expended,  have 
now  been  generally  given  up,  so,  for  post-Linnaean  synonyma, 
there  would  now  be  no  use  in  repeating  those  given  in  the 
'  Prodromus '  and  other  works  compiled  from,  unless  where 
errors  have  been  detected ;  and  this  alone  would  save  a  great 
deal  of  time,  labour  and  expense.  And  with  regard  to  the 
greater  number  of  the  orders  or  genera  contained  in  the  recent 
volumes  of  the  '  Prodromus '  and  the  best  modem  mont^rapbs 
and  floras,  a  careful  and  intelligent  abridgment  of  the  specific 
characters  without  reeix  ami  nation  is  all  that  would  be  neces- 
sary. 

"It  might  be  useful  to  consider  what  would  be  the  requisites 
of  any  such  abridged 'Species  Plantarum' or  '  Synopsis,' re- 
stricted within  liinits  whicti  should  render  it  imssible,  at  lea£t 
as  to  pinenogamous  plants.  Wc  might  osptscl  it  to  follow  tLe 
sequence  of  orders  the  most  generally  adopted,  that  of  the 
'Prodromus'  and  of  our  'Genera  Plantarum,  with  such  slight 
modifications  only  as  the  progress  of  science  has  rendered 
necessary,  without  attempting  hypothetical  improvements.  To 
each  order  and  to  each  genus  snould  be  given  short  diagnostic 
characters,  abridged  from  the  last '  Genera  Plantarum  '  or  other 
best  sources,  selecting  chiefly  those  which  are  most  essential 
and  contrasted,  but  including  also  the  most  striking  or  the 
most  general  amongst  the  adaptive  ones,  and  a  general  indica- 
tion of  geographical  range,  wito  careful  reference  to  the  works 
where  more  details  are  to  be  found.  Where  the  orders  or 
genera  are  large,  a  synopsis  or  conspectus  of  the  principal 
divisions  and  subdivisions  would  be  useful, 

"To  each  species  should  be  given  : — 

"(1)  The  name 

■'(2)  The  dii^osis,  specific  character,  or  abridged  descrip- 
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ioD,  which  are  but  different  names  for  the  same  thing,  and 
^hich  it  appears  to  me  would  be  always  more  satisfactory  in 
he  nominative  than  in  the  ablative  case.  After  the  example 
►f  Linnaeus,  and  based  upon  the  doctrine  of  the  fixity  of  species, 
t  has  been  almost  universally  the  custom  to  distinguish  the 

Secific  diagnosis  and  description,  the  former  to  contain  the 
solutely  distinctive  characters  (any  deviation  from  which 
70uld  exclude  a  plant  from  the  species),  the  latter  to  aid  the 
tudent  in  identifying  a  plant  by  the  enumeration  of  characters 
(rhich,  though  general,  might  vary  in  the  same  species,  or  which 
t  may  possess  in  common  with  other  species.  In  order  to 
nark  the  more  strongly  this  difference,  the  diagnosis,  when  in 
jatin,  has  been  given  in  the  form  of  the  ablative  absolute,  the 
lescription  in  the  ordinary  nominative  form.  There  is,  how- 
ver,  nothing  really  absolute  in  nature.  There  is  no  class  of 
haracters  which  may  not  occasionally  admit  of  exceptions : 
nd  although  care  should  be  taken  to  select  the  most  important 
nd  constant  ones,  ^et  in  some  instances,  those  which  are 
enerally  discarded  as  too  variable  for  a  diagnosis,  such  as 
imensions,  colour,  &c.,  may  yet  be  most  useful,  or  even  essen- 
ial  for  the  distinction  of  species,  or  even  of  genera.  These 
iagnoses,  moreover,  to  be  useful  should  be  short  We  cannot 
ow  restrict  them  to  the  twelve-word  law  of  LinnaBus,  but  a 
wrelve-line  ablative  diagnosis  is  an  absolute  nuisanca 

*'  (3)  Eeference  to  the  source  whence  the  diagnosis  is  taken, 
3  the  work  where  a  further  description,  the  synonymy,  and  his- 
3ry  of  the  species  are  to  be  found,  and  to  any  plates  where  it 
lay  be  satisfactorily  represented ;  and  all  furtner  synonymy 
hould  be  avoided,  except  where  it  may  be  necessary  to  refer  to 
escriptions,  names,  or  modifications  published  since  the  one 
pecially  abstracted  from. 

"(4)  The  habitat  of  the  species. 

"(5)  Occasional  notes  on  afiinities  or  other  points  in  the  his- 

y  of  the  species  should  be  very  sparingly  indulged  in,  and 
y  when  they  mav  assist  essentially  in  the  provisional  deter- 
lination  and  elucidation  of  a  plant  All  discussions  on  doubt- 
il  points  and  all  details  should  be  reserved  for  monographs  or 
^parate  papers,  where  alone  they  can  really  tend  to  the  advance- 
lent  of  the  science. 

"  Each  volume  of  the  *  Synopsis '  would  of  course  be  accom- 
anied  by  a  full  index  of  genera,  species,  and  such  synonyms 
3  it  may  have  been  found  necessary  to  giva 

"  The  whole  work  would  be  so  indispensable  to  botanists  of 
11  nations,  that  like  the  *  Genera  Plantarum,'  it  should  be  en- 
rely  in  botanical  Latin,  which,  moreover,  from  the  number  of 
DQventional  expressions  to  which  a  technical  meaning  has  been 
^signed,  is  specially  suited  for  short  diagnoses. 


^Btnl  ProffTcaa  and  pre&eTit  Stotle  ^  &fBltmaiic  Bttleatifi 

"  No  new  species  sboulcl  be  first  pubiiwlicil  in  this  '  Synopsra' 
Nothing  has  t«nded  more  to  produce  confusion  in  systematic 
botany  than  the  publication  of  real  or  sup|X)sed  new  species, 
with  ehort  diagnoses,  unattended  by  any  fiili  description  or 
detailed  indications  of  its  affinities,  lu:  However  carefully  the 
diagnosis  may  be  worded  so  as  to  distinguish  the  species  from 
those  previously  publislied,  it  would  he  insufficient  for  its  iden- 
tification, and  full  descriptions  would  be  inadmissible  from  the 
plan  of  the  work.  At  the  same  time,  it  is  to  be  expected  tUat 
the  author,  in  preparing  the  'Synopsis,'  should  meet  with  new 
forms,  which  he  may  be  desirous  to  make  known,  in  onier  to 
render  his  work  as  complete  as  possible.  But  his  course  should 
be  to  give  their  full  history  in  a  separate  monograph,  to  whieii, 
when  published,  he  couid  refer  in  the  'Synopsis.'  He  should 
here  not  only  thus  avoid  ail  addition  to  tne  numerous  puszles 
with  which  the  science  is  overloaded  from  insufficient  deecrip- 
tion,  but  strictly  abstain  from  oil  mention  of  manuscript  and 
other  names  which,  according  to  the  recoghized  rules  of  nomen- 
clature, are  not  admitted  as  sufficiently  published. 

"The  grade  of  plant-race  to  whicn  the  specific  name  and 
diagnosis  should  be  attached  would  be  the  species,  in  the  Lin- 
naaan  sense,  which,  though  not  susceptible  of  a  strict  definition, 
is  pretty  generally  understood  amongst  botanists,  whether  they 
may  designate  it  as  a  true  speciesi,  a  Linntenn,  or  a  com- 
pound species  The'Synopais  might  also  distinguish  marke-l 
varieties  whose  admission  or  rejection  as  species  might  be 
doubtful;  but  the  innumerable  forms  variously  termed  varie- 
ties, subspecies,  or  critical  species,  should  be  passed  over  in 
silence,  as  their  admission  would  simply  render  a  general  work 
impossible,  and  a  more  partial  one  comparatively  useless.  The 
enumeration  and  distinction  of  the  various  forms  of  Br'issva 
campeatrii  and  olenicea,  of  Pisum  sativum,  Viola  tricolor,  &c.,  may 
be  serviceable  to  the  agriculturist  or  gardener,  that  of  the  forms 
of  Rubua  fruticosus  may  be  interesting  to  the  investigator  of  the 
flora  of  a  limited  district,  but  the}-  are  only  useless  encum- 
brances to  the  general  systematist  as  well  as  to  the  naturalist  in 
other  branches  who  would  have  to  make  use  of  the  '  Synopsis; 
and  the  names  and  diagnoses  of  two  hundred  forms  of  hmha 
verna  would  be  a  simple  nuisance,  of  no  use  whatever  to  any 
one.* 

*  "The  mode  of  dealing  with  Bpeciea  which,  in  the  preeant  state  of  TegeWtion, 
pMBinto  each  other  through  a  series  of  inlermediate  fonns  which  caanolfairljte 
euppofladtobehjbTLds.  is  wetldtscuseedby  NBgeliinaseriesof  papers  in  the  "Sit- 
mngabericbte  "  of  the  Uuoich  Academj'  for  1Hti6.  the  result  of  careful  obaemtiiKi 
chiefly  of  the  genuB  Hieraciam.  After  admitting  himself  to  have  been  oripiMlly  s 
finn  believer  in  the  fiiitf  of  speoies  and  a  strong  odvocsle  of  the  hybrid  parentage 
of  the  large  number  of  intermediate  forma  obaerred,  he  acknowledges  his  conTsr- 
■ion  to  the  doctrine  of  evolution.  "  In  the  present  elate  of  the  acience  "  he  sm< 
"no  other  possibility  than  the  aMunption  that  the  tpeciea  of  i 
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iking  the  species,  therefore,  in  the  Linnsean  sense,  we 
,  with  Alph.  de  Candolle,  estimate  the  number  of  Ph»no- 
Qow  published,  or  in  the  course  of  publication,  from  ma- 
already  in  our  herbaria,  at  between  110,000  and  120,000. 
ipetent  botanist  would  readily  get  through  three  or  four 
ind  in  a  year.  In  the  '  Flora  Australiensis '  I  had  no  diffi- 
in  preparing  a  thousand  to  twelve  hundred  in  the  year, 
lat  was  all  original  work,  entailing  the  personal  examina- 
f  every  species  often  in  numerous  specimens,  and  a  long 
tdious  investigation  of  synonyms.  Such  a  compilation  as 
3  above  characterized  would  require,  it  is  true,  a  compe- 
nowledge  of  plants  and  occasional  verifications  ;  but  still 
tbour  would  be  reduced  by  at  least  two-thirds ;  and  800 
s  a  month,  with  a  month  or  six  weeks'  vacation,  would 
great  strain  upon  the  mind.  Thus  three  or  four  botanists 
complete  a  synopsis  of  ten  thousand  species  in  the 
and  the  general  synoptical  enumeration  of  all  known 
ogams  would  not  be  beyond  the  range  of  possibility, 
r'er  little  chance  there  may  be  of  mv  living  to  see  it  com- 

3  doubt  which  rises  is,  whether  several  or  indeed  any 
ists  can  be  found  in  our  day  capable  of  turning  off  good 
at  anything  like  Mr.  Bentham's  rate,  and  so  exceptionably 
situated  in  respect  to  herbaria  and  libraries,  and  in  the 
and  of  their  time.  Easy  as  the  work  may  seem,  the 
er  of  botanists  who  are  able  to  elaborate  a  genus  and 
up  fairly  good  botanical  descriptions  is  wonderfully  small. 

Dj  transmutation  either  from  extinct  or  from  still  sunriying  formB,  and  that 
re  still  persistent  a  g^reat  number  of  the  intermediate  stages  (races)  formed 
)y  the  original  differentiation  of  the  extinct  species,  or  in  the  course  of  the 
rmation  of  one  yet  living  species  into  the  diverging  forms." — Sitxwugaber,^ 
330. 

subsequent  paper  he  shows  that  the  genus  Hieraciwn  affords  inetanoes  of 
iversity  in  the  degree  to  which  differentiation  has  attained  and  in  the  defi- 
s  of  the  sy'ecies  established  by  the  extinction  of  intermediates.  He  in- 
,  amongst  those  to  which  he  would  in  their  present  state  assig^i  the  rank  of 

■ 

ggregate  forms,  such  as  H.  PHoseila^  which  cannot  as  yet  be  separated 
}tinct  groups.  H.  ffoppeanum^  Schult,  K  PeUeterianum^  M^rat,  H.  Paeudxh 
t,  Jen.,  are  not  yet  sufficiently  isolated  by  the  disappearance  of  intermediate 
x>  be  ranked  as  species. 

orms  which,  by  the  disappearance  of  closely  allied  ones,  have  attained 
r  and  more  fixed  limits,  and  yet  between  whidi  isolated  intermediates  may 
found,  are  exemplified  by  H.  Awricuki,  H.  awantiacum  and  H,  PihseUa,  or 
nurorum^  H.  viUoaum  and  H.  glaucwn.  On  the  other  hand,  it  is  uncertain 
tr  the  relations  of  H.  Auricula  and  H.  glaeiaUj  or  of  H.  murorwn  and  H.  vol' 
should  be  included  in  this  stage,  or  are  still  in  the  first-mentioned  category, 
pecies  between  which  no  constant  intermediates  survive,  but  which  still  are 
>  of  producing  intermediate  hybrids,  are  represented  by  H,  alpwum  and  S. 
rij  by  If.  alpinum  and  H.  glaucum^  by  M.  murorum  and  If.  unAellaktm,  fto. 
astly,  the  three  sections  PUoseUa^  Archieracium  and  Stenotheca  are  races 
become  so  far-distanced  from  each  other  that  hybrid  fertilization  no  longer 
ilace  between  them. — SitnMg9b.f  1866,  L  472. 
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The  thinp  is  fiuite  possible  it'  mere  literary  compilation  is  in- 
temled ;  but  sometbiug  more  than  thia  is  needed. 

While  it  would  be  Dest,  and  in  case  of  »  mere  compilatiaa 
even  necessary,  that  new  stpeciea  should  be  first  published  else- 
where than  in  this  desired  "  Synopaia,"  yet  we  cannot  agree  that, 
in  any  proper  elaboration  or  digest  of  the  species  of  a  genos. 
"  the  diagnosis  would  be  insufficient  for  its  identification."  It 
is  just  here,  where  the  new  species  is  brought  into  line  with  its 
relatives,  that  the  diagnosis  should  suffice:  and  if  a  dingno^is 
does  not  serve  for  the  new  species,  it  may  do  no  better  for  the 
old  ones.  Upon  the  form  in  which  specific  characters  may  best 
be  cast,  in  a  synoptical  work — whether  that  of  diagnoses,  under 
sections  and  sulxlivieiona,  or  of  open  descriptious,  led  to  by  an 
artificial  key — we  have  already  otVered  some  remarks, 

Mr.  Bentnam  proceeds  to  discourse  of  monographs  of  orders 
and  genera,  of  floras  or  histories  of  the  plants  of  particular 
oonntriea  or  districts  (this  division  ending  with  a  loud  call  for 
the  North  American  Flora),  and,  finally,  of  specific  descriptions, 
detached  or  miscellaneous.  His  remarks  upon  the  latter  are 
important  and  timely. 

"  Had  I  to  report  onl^  on  the  progress,  and  not  on  the  present 
state  also,  of  systematic  botany,  I  should  hero  stop :  for  the 
great  majoi-ity  of  recent  detached  and  rniseellaneou?  descripllons 
are  aJoioat  as  mucli  ifiipeUimetits  as  aiiJs  to  t/ie  progitrss  oC  tfiu 
science.  I  have  too  often  in  my  Linnean  Addresses,  especially 
in  those  of  1862  and  1871,  animadverted  on  the  mischief  they 
produce,  to  enter  now  into  any  details:  I  can  only  lament  that 
the  practice  continues,  and  is  even  rendered  necessary  by  con- 
siderations not  wholly  scientific.  Horticulturists  must  h.ive 
names  for  their  new  importations.  It  is  due  to  travellers  who. 
tinder  great  perils  and  fatigues,  have  contributed  largely  to  sup- 
plying us  with  specimens  of  the  vegetation  of  distant  rt-gions, 
that  the  results  of  their  labour  should  be  speedily  made  known: 
it  is  even  important  to  science  that  any  new  form  influencing 
materially  methodical  arrangements  should  be  published  as  soon 
as  ascertained.  But  all  this  is  very  different  from  the  barren 
diagnoses  of  garden-catalogues,  and  the  long,  uncontrasted 
descriptions  hastily  got  up  for  the  futile  purpose  of  securing 
priority  of  name.  I  own  that  I  have  myself  erred  in  the  want 
of  sufficient  consideration  in  the  publication  of  some  of  the  spe- 
cies of  Plantae  Hartwegiante ;  ana  some  descriptive  miscellanea. 
even  by  men  who  stand  very  high  in  the  science  (such  as  Mi- 
quel's  '  Prolusiones,'  above  referred  to,  and  Baron  von  Mueller's 
'Fragmenta'),  are  rendered  comparatively  useless  from  their 
utter  waut  of  method.  Whilst,  therefore,  discouraging  as  mucli 
as  possible  all  such  detached  publications  of  new  s|)eciet!,  I 
would  admit  their  occasional  necessity,  but  surest  the  follow- 
ing rules  as  the  result  of  a  long  i^ractical  experience : — 
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"  No  detached  description  of  a  new  species  should  be  ventured 
on  unless  the  author  has  ample  means  of  reviewing  the  group 
belongs  to ;  and  if  any  doubts  remain  of  its  substantive  va- 
ity,  he  should  refrain  from  giving  it  a  name  till  those  doubts 
5  cleared  up. 

"  The  description,  when  given,  should  be  full,  but  contrasted 
d  accompanied  by  a  discussion  of  affinities  with  previously 
own  species,  and  an  indication  of  the  place  the  new  one 
>uld  occupy  in  the  several  monographs  and  floras  in  which 
A'ould  be  included. 

"  An  illustration  of  the  new  plant,  with  analytical  details, 
>uld  never  be  neglected  where  circumstances  admit  of  it" 
We  would  heartily  second  these  recommendations.  They  are 
)ecially  applicable  in  this  country.  Time  is  short  and  the 
►rk  beiore  us  is  heavy.  One  grievous  impediment  to  its  prog- 
B  and  trial  to  patience  comes  from  the  loose  and  ramoling 
scriptions  of  species,  or  even  genera,  hastily  put  forth  by 
>se  who  have  not  the  means  of  making  the  proper  investiga- 
ns  and  comparisons,  and  in  some  cases  not  the  knowledge 
lich  enables  tnem  to  hit  the  genus  or  even  the  family  correctly, 
le  best  of  us  commit  mistakes  enough,  but,  it  is  to  be  hoped, 
ar  up  many  more  than  we  make.  The  road  we  have  to 
verse,  and  to  make  smooth  for  those  who  come  after  us,  is 
Bcult  and  rugged  enough  as  it  is.  Shooting  rubbish  into  it 
a  serious  hindrance.  Keal  aid,  however,  is  joyfully  wel- 
ned,  and  no  one  in  our  day  who  is  able,  or  desirous  even  to 
empt  to  do  systematic  botanical  work,  has  ever  received 
;ht  but  help  and  encouragement  fVom  those  who  have  to  bear 
5  burden  and  heat  of  the  day.  A.  Gray. 


IT.  XXX  VII. — On  the  Influence  of  Oohr  upon  Reduction  ^hu 

Light ;  by  M.  Carey  Lea. 

[lathis  Journal  for  March  of  last  year,  I  published  a  train  of 
'estigations  which  had  for  their  object  the  study  of  the 
mges  produced  in  the  sensitiveness  of  certain  substances  to 
rticular  rays  of  light,  as  caused  by  the  presence  of  various 
ored  and  uncolored  bodies.  These  results  were  incompatible 
Xk  a  law  shortly  before  announced  by  Dr.  Hermann  Vogel, 
governing  the  action  of  colored  bo<lies  on  the  sensitiveness 
silver  bromide. 

Dr.  VogeFs  law  was,  that  to  render  AgBr  sensitive  to  any 
',  or  to  increase  its  sensitiveness,  it  is  only  necessary  to  place 
cx>ntact  with  it  a  substance  capable  of  promoting  the  decom- 


position  of  AgBr,  and  which  aubstance  must  absorb  the  rajs 
in  quostion,  and  not  other  rays,* 

My  own  concluBion  was  that  the  power  of  heightening  sensi- 
tiveness to  particular  rays  waa  one  in  no  way  connected  with 
the  color  of  the  seiiaitiziug  body ;  iudeet],  that  perfectly  color 
less  bodies,  or  bodies  having  very  pale  neutral  colors  migbt 
also  exercise  the  functions  of  heightening  sensitiveness  to  par- 
ticular colored  raya 

Since  the  publication  of  my  former  paper,  I  have  made 
further  investigations,  and  Dr.  Vojfcl  has  published  a  second 
paj)er.  In  this  second  paper  Dr.  Vogel,  from  whom  I  have 
regretted  to  ditfer,  has  to  a  considerable  extent  adopted  nty 
own  views.  He  reaches  the  same  conclusion,  as  to  the  power 
of  substances  destitute  of  color  to  exalt  the  sensitiveness  of 
AgBr  to  particular  rays.  As  this  was  the  main  result  of  a  long 
investigation,  and  the  demonstration  of  it  the  principal  object 
of  my  paper  (from  which  paper  and  its  conclusions  Dr.  Vogel 
strongly  dissented),  it  would  liave  been  more  agreeable  to  me  if 
Dr.  Vogel  had  acknowledged  it  as  originating  with  me.  This, 
however,  is  a  matter  of  small  importance.  Dr.  Vogel  does  not 
seem  to  have  adverteil  to  the  fact  that  this  conclusion  ia  scarcely 
com{)atible  with  his  theory,  formulated  in  the  foot-note ;  with 
the  alleged  function  of  color  as  modifying  sensitiveness  to  par- 
ticular rays. 

If  this  theory  were  Irue,  it  must  be  easy  to  find  very  numer- 
ous instances  capable  of  supporting  it,  as  the  number  of  organic 
coloring  matters  capable  of  taking  up  bromine  is  very  larfje. 
Nevertheless,  three  only  have  been  brought  forward  by  Dr. 
Vogel  in  the  two  papers  referred  to,  out  of  which  three,  two  at 
lenst  certainly  do  not  spcm  to  afford  the  dcsirod  proof 

Coralline  and  naphthaline  red  are  substances  which  transmit 
strong  red  light,  and  consequently  the  sum  of  their  absorplioii 
spectra  must  in  each  case  be  green  :  to  confirm  Dr.  Vogel's 
theory,  they  should  enhance  the  sensitiveness  of  AgBr  to  green 
light.  But  Dr.  Vogel  finds  an  increased  sensibility  to  i^lhw 
rays  only.  Obviously  yellow  cannot  represent  the  absorption 
by  a  i-ed"  color.  If  Dr.  Vogel's  law  be  true,  a  red  substance 
maff  heighten  sensitiveness  to  yellow,  but  it  must  heighten  it 
to  green. 

Now  with  the  substance  principally  experimented  on  by  Dr. 
Vogel,  coralline,  I  have  lately  made  a  number  of  trials,  and 
have  succeeded  in  definitely  fixing  its  action  with  respect  to 
AgBr. 

*  Wir  im  StDDde  Bind  Bram^ilber  fiir  jede  beljebige  Fsrbe  lichtempflndljcb  la 
machen,  respecttv  die  bereiU  vorhandsDO  Empfindlichkeit  fiir  gewisM  Fube  id 
Bteigero;  es  iet  our  nothig  emea  die  dienu&c.hB  ZerBetzbarkeit  des  Bromsilben 
befiirdernde  Stoffe  ziauseban,  "HtJVcbei  iie  ^BWtt&aAeo.  '!«£«»  litawaWK.,  die 
aadero  nicht— flw.  Dtuttck.  Chem.  G«.,  \W1,  -ft.  \^'«.. 
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To  the  red  rays,  including  those  whose  wave-lengths  are 
from  A  605  to  the  end  of  the  visible  spectrum,  coralline  very 
materially  increases  the  sensitiveness  of  AgBr. 

To  the  vellow  rays,  taking  as  representatives  those  whose 
wave-lengths  vary  only  moderately  from  A570,  coralline  moder- 
ately increases  the  sensitiveness  of  AgBr. 

To  the  green  rays,  taking  principally  those  whose  wave- 
lengths lie  between  617  and  669,  coralline  gives  no  increase 
whatever  of  sensitiveness  to  AgBr. 

So  that  coralline,  far  from  being  a  support  to  the  theory  of 
Dr.  Vogel,  gives  in  fact  a  confirmation  of  my  own  view,  viz : 
that  substances  heighten  the  sensitiveness  of  AgBr  to  particular 
rays,  without  the  existence  of  any  relation  between  the  color 
of  that  ray  and  their  own  proper  color. 

It  is  a  little  curious  that  coralline  acts  very  diflferently  with 
Agl.  So  far  from  increasing  the  sensitiveness  of  that  substance 
to  red  light,  it  actually  diminishes  it. 

Rosaniline  is  another  substance  whose  action  conflicts  with 
Dr.  Vogels  law.  I  find  that  it  quite  destroys  the  sensitiveness 
of  AgBr  to  yellow  rays. 

From  all  the  foregoing  I  conclude,  that  there  exists  no  rela- 
tion whatever  between  the  color  of  substances  and  the  color  of 
the  rav  to  whose  influence  they  modify  the  sensitiveness  of 
silver  bromide. 

Philadelphia,  March  20, 1875. 


Art.  XXXVIIL — On  a  New  Diamagnetie  Attachment  to  the 
Lantern^  Witli  a  Note  on  the  Theory  of  the  OsciUations  of  In- 
ductively Magnetizf^d  Bodies ;  by  Henry  A.  Rowland,  As- 
sistant Professor  of  Physics  in  the  Eeusselaer  Polytechnic 
Institute. 

1.  Description  of  Apparatus. 

Some  time  ago.  in  thinking  of  the  theory  of  diamagmetism, 
I  came  to  the  conclusion  that  apparatus  of  large  size  was  by  no 
means  necessary  in  diamagnetie  experiments,  and  on  testing 
my  conjectures  experimentally,  I  was  much  pleased  to  find 
that  they  were  true.  So  that  for  more  tlian  a  year  I  have  been 
in  the  habit  of  illustrating  this  subject  to  my  classes  by  means 
of  a  small  apparatus  weighing  only  about  a  pound  or  two, 
which  I  place  in  my  lantern  and  magnify  to  a  large  size  on 
the  screen. 

The  eflFects  obtained  in  this  way  are  very  fine  and  are  not 
snrpassed  hj  those  with  the  largest  magnets ;  and  we  are  by  no 
means  confined  to  sfcrongiy  diamagnetie  8Vxbs\ATVGea^\>wX.>'«'v5«v 
proper  oare,  can  use  anything,  even  the  moat  lee\Ae,   ^V^  ^Y^^- 


nitus  which  I  used  consisted  of  Ji  horseshoe  electro- magnet,  made 
of  an  iron  har  half  an  inch  in  diameter  und  about  ten  incha 
long,  bent  into  the  pn>per  fonn,  and  aurrouDded  with  four  or  five  i 
layers  of  No.  16  wire.  But  the  following  apparatus  will,  with-  ■ 
out  doubt,  be  found  muoh  more  convenient.  It  can  be  made  of 
any  size,  tfauugh  the  dimen- 
siona  given  will  probably  be 
found  convenient 

The  apparatus  is  represented 
in  fig.  1.  To  a  straight  bar  of 
iron  A,  7  in.  long.  J  iu.  thick, 
and  J  in.  wide,  are  attached  two 
pieces  e  *  of  the  same  kind  of 
iron  by  two  aet  screws  g  g,  which  move  in  slots  in  the  piece  h. 
Into  tnefle  pieces  are  screwed  two  tubes  c  made  of  iron  and  hav- 
ing an  interual  diameter  of  about  y-V  iu.  and  &  thickness  not  to 
exceed  j\  in.  Through  these  tubes  the  iron  rods  a  b  sliile  and 
are  held  at  any  point  by  the  screws  d  One  end  b  of  this  rod  is 
rounded  off  for  diamagiietic  experiments  and  the  other  enlarged 
and  Battened  at  the  end  for  magnc-crystallic  experimenta  On 
the  tube  c  a  helix  of  No.  16  or  No.  18  wire  is  wound  go  as  lo 
make  up  a  thickness  of  .4  or  .6  of  an  inch  and  having  i 
length  of  2i  in.  The  object  of  the  screws  g  is  principally  W 
allow  the  rods  «  6  to  be  reversed  quickly  and  to  adjust  the 
position  of  the  helices.  When  tlie  apparatus  is  to  be  used  for 
only  one  kind  of  work  it  can  be  much  simplified  by  doiDg 
away  with  many  of  the  moving  parts. 

This  instrument  can  be  used  either  with  the  ordinary  magic 
lantern,  or  better,  with  one  having  a  vertical  attachment  In  the 
latter  case  the  plane  of  the  instrument  is  luorizonia!  and  the  sub- 
stauces  are  suspended  from  a  wire  made  quite  small,  so  as  not 
to  cut  off  too  much  light. 

The  suspending  thread  in  the  case  of  bismuth  can  be  quiie 
large  but  for  other  bodies  a  single  fiber  of  sdk  is  best:  these 
in  the  shape  of  bars  half  an  inch  long  can  be  each  attached  to 
a  fiber  having  a  little  wire  hook  at  its  upper  end  and  hung  in  a 
cabinet  until  required. 

The  theory  of  feebly  magnetic  or  diamacnetic  bodies  oscil- 
lating in  a  magnetic  field  is  very  simple  and  yet  the  results  are 
of  the  greatest  interest,  especially  the  effect  of  the  size  of  the 
apparatus,  which  is  here  given  lor  the  first  tima 

2.   TTitory. 
Let  a  very  small  particle  of  a  body  whose  coefficient  of  magnet- 
ization «  is  very  .small,  and  either  positive  or  negative,  be  placed 
in  a  magnetic  field  of  \nlei;ia\l';f  B,\  \t,'«ill  then  have  an  induced 
magDetic  moment  of  xuU,  'aWtsi  d  '\a  'Oq^  NsJi-o-ttv^  q\  •itA-i*! 
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ment.  The  force  acting  on  this  particle  to  cause  it  to  go  in  any 
given  direction  will  be  equal  to  the  product  of  the  magnetic 
moment  into  the  rate  of  variation  of  R  in  that  direction,* 

and  hence  is  xvB,  -=-  in  the   direction  of  x.     The  total  force 

dx 

acting  on  the  body  in  the  direction  of  x  is  therefore 

rf(R«) 


=*/// 


dx    *^^^ 
and  the  other  components  of  the  force  are 

Let,  now,  the  axis  of  z  be  vertical,  the  axis  of  x  in  the  line 
of  the  magnetic  poles  of  the  magnet,  and  y  at  right  angles  to 
both.  Then  the  moment  of  the  forces  acting  on  the  body  to 
turn  it  about  the  axis  of  z  is 

where  the  integration  extends  throughout  the  volume  of  the 
bodv. 

If  the  body  is  suspended  so  as  to  turn  freely  about  the  axis 
of  z  it  will  vibrate  about  the  position  for  which  M  is  a  mini- 
mum or  else  will  remain  at  rest  at  that  point  The  number  of 
single  oscillations  made  when  the  angular  elongation  5  is  very 
small,  is 

in  which  M  and  3  must  be  measured  simultaneously,  and  I  is 
the  moment  of  inertia  of  the  body. 

Now  let  us  suppose  that  the  whole  apparatus  changes  size, 
the  relation  between  the  parts  remaining  constant,  so  that  the 
apparatus  becomes  m  times  as  great  as  before.  Then  x,  ^,  dx^ 
ay^  and  dz  will  increase  m  times  and  I,  m*  times.  To  deter- 
mine the  changes  in  V.  '  and  ,  ■  we  make  use  of  the  the- 
orem of  Sir  Wm.  Thomson,  that  ^^  similar  bars  of  different  di- 
mensions^ similarly  rolled^  witii  lengths  of  ivire  proportional  to  the 
squares  of  their  linear  dimensions^  and  carrying  equal  currents^ 
cause  equal  forces  appoints  similarly  situated  with  reference  to  tKem^ 

*J3umaoD,  Reprint  ol  Ftapem,  Art  619,  Prc^.ir^ 
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But  aB  the  above  only  applies  to  equal  currents.  I  liave  gener 
alized  it  in  the  following.  In  any  two  mitgnHic  tystems  whataier, 
similar  in  all  their  /xirtd  and  composed  of  any  number  of  pfnna- 
neiit  or  eUx.tro-mngnela,  wires  carrying  airrenlf,  or  bodies  undo 
magnetic  induction,  the  magnetic  force  atstmilar  points  of  each  tdH 
be  die  eame  when  the  foUtwiug  cond'Hon/i  are  complied  with  ;  YiL 
the  magn'tic  materials  at  similar  points  in  the  two  syslene  mail  It 
exacl/ff  the  same  in  quality  and  temper ;  2d,  the  permanrnl  mag- 
nets must  be  magnriized  to  the  same  degree  at  s-milar  points  of  At 
systems  ;  3d,  the  coils  of  the  electro-mognets  and  other  wires  or  bun- 
dles of  wires  catTying  the  current  must  hatv  similar  external  di- 
mensions tn  tJie  two  tyaP-ms  and  must  have  the  product  of  'he  carnnl 
by  the  nnmber  of  wires  passing  through  similar  senlio/M  of  the  to 
systems  proportional  to  l/te  linear  d-mensions  of  t/ie  systems. 

This  will  apply  to  the  case  we  are  consi<lcriag  when  ilie 
product  of  the  current  by  the  number  of  turns  of  wire  varies 
in  direct  proportion  to  the  size  of  the  apparatus.     Hence  in 

this  case      ,      and   -  ,       will  varv  invereeiy  as  m.     Hence  we 
dx  dy  -J 

see  that  n  will  be  inversely  proportional  to  the  size  of  the  ap- 
paratus :  and  although  we  have  ouly  proved  this  for  the  caw 
when  X  is  small,  it  is  easy  to  see  that  it  is  perfectly  genenL 

The  advantitge  of  small  diamaKQctic  apparatus  is  thus  apparent, 
for  the  smaller  we  make  it  the  more  vibrations  the  bar  will 
make  in  a  given  time  and  the  more  promptly  will  the  results  be 
shown. 

It  might  be  thought  that  by  hanging  a  very  small  bar  in  the 
field  of  a  large  magnet,  we  might  obtain  just  as  many  vibrations 
as  by  the  use  of  a  small  apparatus :  but  this  is  not  so,  for  Sir 
Wm.  Thomson  has  shown*  that  the  number  of  oscillations  of  a 
feebly  magnetic  or  diaraaenetic  body  of  elongated  form  in  i 
magnetic  field  is  nearly  independent  of  the  length  when  thatis 
short.  So  that  the  only  way  of  increasing  the  number  of  vi' 
brations  ia  to  decrease  the  size  of  the  whole  apparatus,  or  to  in- 
crease the  power  of  the  magnets:  the  latter  has  a  limit  and 
hence  we  become  dependent  on  the  former. 

The  theory  of  the  effect  of  the  size  of  the  body  is  verv 
simple,  and  we  may  proceed  as  follows.  Let  the  body  be  in  the 
form  of  a  small  bar  whose  sectional  area,  o,  is  very  small  com- 
pared with  its  length,  and  let  y  be  the  angle  of  the  axis  of  the 
oar  willi  tlie  line  joining  the  poles,  and  r  the  radius  veewr 
from  the  origin.  Developing  R'  as  a  function  of  x  and  y  by 
Taylor's  theorem,  and  noting  that  as  R  is  symmetrical  with  re- 
ference to  the  planes  XZ  and  YZ,  only  the  even  powers  of  x  and 
370,     Remarques  avx  let  OEcillaCiona  d 'aiguilles  nou 
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y  can  enter  into  tbe  development,  we  have,  calling  R„  the 
value  of  B  at  tbe  origin, 

R. -R   .  +i/^!JIi.J)  ^  +  ^Ko!.)  ^, \ 


+  2 


.3.4     <&»       *  ^^  dx*dy»  *  ^^  ^      rfy*      y  j+  **'• 

When  the  vibrattDg  body  is  very  small  the  first  two  terms  will 
suffice :  hence  we  have 

in  which  Z  is  the  length  of  the  bar.     If  S  is  the  density  of  the 
body  (weight  of  a  unit  of  volume),  1=  —  — — and  n  becomes 

^<2y\      dx»  dy'     )' 

in  which,  however,  it  is  to  be  noted  that      \  ^      ^^  essentially 

negative  and  so  the  sign  of  the  term  containing  it  will  be  posi- 
tive in  tbe  actual  development 

This  equation  is  independent  of  the  dimensions  of  tbe  body, 
and  hence  we  conclude  that  when  the  body  is  small  and  very 
long  as  compared  with  its  other  dimensions,  tbe  number  of  vi- 
brations which  it  will  make  in  a  given  field  is  dependent  merel  v 
on  its  coefficent  of  magnetization  and  on  its  density  ;  a  result 
first  given  by  Sir  Wm.  Thomson,  in  the  paper  referred  to.  I 
have  given  it  once  more  and  put  it  in  its  present  form  merely 
to  call  attention  to  the  facility  with  which  k  can  be  obtained 
from  it  when  we  have  measured  R  in  different  parts  of  the  field 
by  known  methods.  This  could  be  done  by  means  of  a  rotating 
coil  as  used  by  Verdet,  or  my  magnetic  proof  plane  which  I 
will  soon  describe,  combined  with  my  method  of  using  the  earth 
inductor.  This  will  give  the  best  method  that  I  know  of  for 
obtaining  x  for  diamagnetic  or  weak  paramagnetic  substances. 

Tro7,  Jan.  16,  1876. 


Abt.  XXXIX. — On  Hit  Primordial  Strata  of  Virginia;  by  Wm. 

M.  Fontaine. 

My  investigations  in  the  strata  of  the  Primordial  period  in 
Virginia  were  confined  to  the  immediate  vicinity  of  the  Blue 
Bidge,  near  Harper's  Ferry,  Eockfish  Gap,  Baleow^  ¥«i.V&^  ^wd. 
iheFeaka  of  Otter.     They  extended  to  the  rocka  oi  Nki^  ^^- 
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ciferoua  epoch,  Tlieee  strata  are  well  exposed  along  the  west 
base  of  the  Blue  RicJge  throughout  the  Slate, 

The  careful  aud  acourate  sluilies  of  these  and  the  overlying 
formations,  made  by  ProK  Wm  B.  Rogers,  have  thrown  much 
light  on  the  complicated  stratigraphy  of  the  regioD.  He 
shows  that  in  the  northern  portion  of  the  State,  estendiag 
from  Harper's  Ferry  to  the  south  end  of  Page  County,  the 
Pritnordial  slates  are  inverted  so  aH  to  overlie  the  later  forma- 
tions on  the  west,  and  to  pass  with  a  high  southeast  dm  under 
the  like  dipping  strata  of  the  Blue  Kidge,  lu  the  middle  coun- 
ties, especially  near  Balcony  Fulls,  these  strata  lie  with  a  gentie 
northwest  dip  on  the  west  slopes  of  the  Blue  Ridge.  lu  some 
of  the  more  northerly  portioufi  of  this  district,  they  lie  immedi- 
ately on  the  edges  of  the  southeast  dipping  older  slates,  while 
at  Balcony  Falls  aud  its  vicinity  the  two  systems  of  strata  are 
separateil  by  a  ridge  of  syeuitic  rocks.  Farther  to  the  southwest 
inversion  again  occurs  This  inverted  dip  is  found  in  all  the 
strata  of  Silurian  age  and  extends  into  those  of  the  Devoniaii. 
The  former  occupy  nearly  all  of  the  "  Great  Val  ley  of  Virginia," 
while  the  latter  ajipear  in  the  Great  North  Mountain,  and  its 
prolongations,  which  boimd  this  valley  on  the  west.  Tbe  strau 
of  the  valley  lie  generally  in  a  closed  synclinal,  producing  s 
continued  series  of  soiitlieasi  dips.  This  compressed  ma;^  of 
rocks,  on  the  west  side  of  the  valley,  is  thrust  up  against,  and 
partly  over,  the  Devonian  strata,  aBecting  them  also  with  a 
southeast  dip,  producing  a  long  line  of  fault,  and  bringing 
Hudson  River  sliales  up  eo  as  to  overlie  even  strata  of  the 
Subcarboniferous  period. 

It  will  thus  be  seen  that  the  amount  of  displacement  pro- 
duced is  enormous.  Owing  to  the  contortionsthus  caused,  and 
tbe  possibility  of  repetitions  from  closed  folds,  all  estimates  of 
thickness,  unless  based  upon  long-continued  examinatioDE, 
must  be  received  with  caution. 

I  shall  in  this  paper  commence  with  the  description  of  the 
section  obtained  at  Balcony  Falls.  This  I  do  because  the 
strata  there  appear  to  present  their  normal  development  and 
dip;  and  also  for  the  reason  that  here  alone  has  Prof.  Rogere 
given,  in  any  detail,  a  description  of  the  Primordial  strata.  It 
will  be  seen  that  my  results  do  not  agree  entirely  with  his,  and 
I  must  confess  that  I  cannot  reconcile  them.  In  view  of  this 
difference,  I  should  hesitate  to  maintain  the  correctness  of  my 
observations  were  it  not  that  they  are  substantially  verified  by 
the  section  made  at  Rockfish  Gap.  This  last  was  made  along 
the  cuttings  for  the  railroad  at  that  point,  which  were  nut  in 
existence  when  Prof  Rogers  made  his  examinations. 

Before  giving  my  own  results  at  Balcony  Falls,  I  will  quote 
pTot  Eogers's  Qeachiplion  oS  ftie  atiaXs. 'OtiftTft  fevj.'cA.    ■^i.^^-j*-. 
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?he  formation  (his  No.  I)  here  rests  on  igneous  rocks, 
•stly  syenitic  in  character,  which  form  the  main  axis  of  the 
ae  Ridge.  These  are  well  seen  along  the  pass.  As  we  ap- 
)ach  its  termination,  we  mark  the  commencement  of  the 
;ks  of  No.  I,  which  are  seen  on  the  side  of  the  canal  lying 
the  syenitic  mass,  with  a  northwest  dip. 
The  lowest  stratum  next  the  syenite  is  a  brownish,  decompos- 
f  slate,  evidently  much  altered  by  the  syenite.  Next  is  a 
lyish  and  reddish  sandstone;  then  a  slate  similar  to  the 
mer ;  then  a  repetition  of  the  sandstone ;  again  a  slate,  and, 
the  termination  of  the  gap,  heavy  beds  of  massive  white 
idstone,  the  typical  rock  of  this  series.  The  average  dip  of 
)  latter  is,  in  the  cliffs  at  the  entrance  of  the  pass,  66^  north- 
st 

[f  we  now  return  to  the  east,  by  the  road  leading  over  the 
»untain,  we  are  accompanied  for  a  long  distance  by  these 
per  sandstones,  and  we  then  pass  in  succession  over  the 
deriving  strata,  which  extend  with  a  gentle  dip  almost  to  the 
nmit  of  the  mountain." 

[  now  proceed  to  give  the  result  of  my  own  observations, 
ferring  to  a  former  article,*  the  reader  will  remember  that 
;  last  rock  described  in  the  Balcony  Falls  section  of  the  crys- 
line  strata  of  the  Blue  Ridge,  was  a  syenite  of  probafely 
er  age  than  the  mass  of  the  ridge.  Next  to  this  occurs  the 
jt  of  the  rocks  which  I  hold  to  be  of  Primordial  age.  We 
ve:  (1.)  Unbedded  quartzite,  with  crystals  of  feldspar,  120 
t  (2.)  ferown,  crumoling,  argillaceous  rocks  or  sandy  shale, 
iglomeritic  in  its  upper  portion,  40  feet  (3.)  Brown,  decom- 
jing,  thinly  laminated,  and  contorted  shale,  10  feet  (4.) 
nglomerate,  like  the  upper  portion  of  (2),  20  feet  (5.)  Shales, 
e  (3),  12  feet  (6.)  Conglomerate,  like  (4),  15  feet.  (7.)  Crum- 
ng,  brownish  shales,  passing  in  the  upper  portion  into  argil- 
eous  sandstones  of  the  same  hue  and  texture,  200  feet  (8 ) 
issively  bedded,  coaree  white  quartzite  (apparently  Rogers's 
)ical  No.  I),  500  feet  Up  to  this  point  the  rocks  are  well 
posed  in  the  cliflTs  which  closely  border  the  canal.  Hence 
ire  is  no  danger  of  overlooking  reduplications. 
The  dip  of  (3)  is  confused  by  contortion ;  that  of  (4)  is  70°. 
:>m  this  point  the  inclination  gradually  declines,  until  in  (8) 
s  about  55*^.  Proceeding  west  across  the  strike,  we  next 
x)unter  a  series  (9)  of  thinly  laminated  shales,  with  some 
is  of  red  and  gray  sandstones.  This  series  is  much  more 
turbed  than  the  preceding,  and,  owing  to  its  having  been 
ig  subjected  to  the  action  of  the  river,  in  its  eflForts  to  cut 
ough  the  massive   barrier  interposed  by    (8),    it  presents 

*  This  Joumalf  January  and  February,  ll^*ll&. 

v.  JouB,  Sol—Thimd  SBXims,  Vol.  IX,  No.  6S.— Mjlt,  WI^ 

24 


.  U.  Fontaine — Primordial  Strata  of  Virginia. 


to  the  canal,  slopes  covered  with  debris.     Hence  details  of  tte 
succession  and  dip  of  the  strata  cannot  be  given  with   acca- 

L  better  exposure  is  riyen  on  the  road  mentioned  above  iu 
Bogers'fl  description.  Here,  loo,  however,  great  confusioD 
exists.  By  far  the  greater  portion  of  the  mass  is  composed  of 
thinly  laminated,  gray  and  reddish  shales.  Some  beds  of 
brick-red  and  gray  sandstones  of  coarse  texture  ot-cor,  much 
indurated,  and  sometimes  impregnated  with  epidote,  chlorite, 
etc.  Also,  one  or  two  beds  of  diorite  apparently.  Probahle 
thickness,  600  feet. 

To  the  west  this  is  overlaid  by  a  great  series  (10)  of  alternat- 
ing beds  of  quartzite  and  kaolin  shales.  These  rocks,  where 
they  join  (91  present  the  same  contortions  and  confused  stratifi- 
cation, but  in  passing  farther  west,  the  folds  open  out,  and  we 
finally  seen  well  displayed  in  the  high  mountain  through 
which  the  river  cuts  its  way  at  the  "Cement  Mills," 

This  mountain  is  the  most  westerly  of  the  parallel  ranges 
which  compose  the  Blue  Ridge  .tt  this  placa  At  its  western 
base  the  James  and  North  Rivers  meet,  and  force  a  passage, 
exactly  at  the  point  of  junction.  We  thus  find  here  the  same 
features  as  those  presented  by  the  Potomac  and  Shenandoah  at 
Harper's  Ferry. 

Standing  at  the  Cement  Mills,  juat  where  the  river  issues 
from  the  gorge  and  in  this  first  barrier,  the  pertjendicular  walls 
of  the  opposite  bank  are  seen  to  be  composed  of  beantifniiy 
regular  arches  of  No.  (10),  piled  one  above  another  to  a  great 
height.     Probable  thickness,  700  feet. 

Both  (9)  and  (JO)  seem,  by  a  mighty  thrust  from  the  west,  to 
have  been  crowded  high  up  against  the  firm  barrier  oppt«cd 
by  the  syenitic  mass.  This  accounts  for  the  gentle  northwesi 
dip  which,  as  Prof  Rogers  correctly  states,  is  shown  by  these 
upper  strata  in  passing  over  the  mountain  to  the  east.  In  tak- 
ing the  section  along  this  road,  I  did  not  find  this  to  be  true 
of  the  lower  strata  up  to  No.  (8),  They,  even  near  the  top  of 
the  syenitic  mountain,  show  the  same  high  dip  that  is  seen 
along  the  canal  The  massive,  unyielding  plates  of  No.  (8) 
seem  to  have  protected  them  to  a  certain  extent,  but  have 
themselves  been  extensively  fractured.  Hence,  in  passing 
along  the  mountain  road  from  the  mills  to  the  east,  we  observe 
the  following  typographical  features:  Looking  westward,  we 
see  the  strata  of  (10)  rising  and  falling  in  rapid  symmetrica! 
undulations  and  forming  the  lofty  range  which  fronts  the  valley 
of  the  river.  Proceeding  eastward,  up  the  western  slopes  of 
the  syenitic  rang-i,  we  pass  first  over  the  broken  fragments  of 
(10)  and  then  of  i^\  BotK,  by  ttia  fialteuing  out  of  the  undu- 
JatioDS,  have  a  geul\e  noi&vw^*  ft^v^,  mA  wtt  \as^^  c;-t<3«^ 
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over  the  fractured  outcrop  of  (8).     Next  appear  the  lower 
strata  in  unchanged  position. 

Betuming  to  tne  hne  of  section,  we  find  the  western  slopes 
of  the  mountain  overlooking  the  valley  of  the  James  to  be 
covered  high  up  with  boulders  and  alluvial  matter,  by  which 
the  junction  of  (10)  with  the  next  series  (11),  and  some  adjoining 
space,  is  concealed.  The  river  has  at  some  time  flowed  sevend 
hundred  feet  higher  than  its  present  level. 

The  series  of  strata  which  1  have  numbered  (11)  in  this  sec- 
tion occupies  a  narrow  belt  between  th^  mountain  last  men- 
tioned and  James  Biver.  The  dip  is  very  regular,  being  about 
66^  to  the  northwest  The  rocks,  so  far  as  seen,  next  to  the 
mountain,  are  more  or  less  ferruginous,  and  local  pockets  of 
iron  ore  occur  in  the  sandstones  of  (10)  forming  the  mountain, 
esp^ially  near  the  line  of  junction. 

The  first  rock  seen  next  to  the  mountain  is  thinly  laminated, 
fragile  shale,  of  yellowish  and  reddish  hues,  not  fully  exposed. 
Next,  to  the  west,  we  have  bluish  calcareous  slate,  and  slaty 
limestone,  50  feet  Then  very  thinly  laminated,  firm,  deep  reu 
slates,  60  feet  Next  a  similar  slate  of  blue  color,  16  feet 
Then  a  bed  of  dark  blue,  hard,  and  dense  limestone,  used  for 
cement,  13  feet  Then  thinly  laminated  red  slates,  20  feet 
Then  coarser,  and  thicker  bedded,  blue  slates,  40  feet  Lastly, 
a  coarse,  rough,  massive,  siliceous  limestone,  40  feet 

These  strata  are  all  well  exposed  in  the  excavations  made 
for  gaining  the  cement  stona  This  group  of  impure  limestones 
is  the  equivalent,  in  Virginia,  of  the  *' Calciferous  sandrock," 
and  is  present  at  all  the  sections  examined  by  me,  holding  a 
similar  position  with  respect  to  the  Potsdam  strata.  They 
present,  also,  remarkably  constant  features  in  composition, 
especially  the  last  mentioned,  which,  both  at  Rockfish  Gap  and 
Harper's  Ferry,  may  be  recognized  at  a  glanca  The  cement 
limestone,  from  its  physical  appearance,  is  the  purest  of  the 
group.  The  following  is  its  analysis,  obtained  from  the  owner 
of  the  mills:  SiO,  84-225;  Al^O,  with  a  little  Fe^O,  7*8; 
CO,  80-4;  CaO  17  380;  MgO  9-518;  KO  12;  water  and  or- 
ganic matter,  *5 ;  loss,  -062.  The  thickness  of  this  ^roup,  up 
to  the  last  mentioned  limestone,  is  probably  600  feet,  including 
the  concealed  ground.  My  section  did  not  continue  beyond 
this  point 

On  the  west  side  of  the  river  is  a  valley,  from  half  to  three- 
quarters  of  a  mile  wide,  which  is  bounded  on  the  west  by 
a  range  of  heights  called  ^'  Sailing's  Mountain."  I  observed 
in  the  western  banks  of  the  stream  about  eighty  feet  of  fine- 
grained kaolin  shales  and  sandstone,  like  those  of  (10^^  but 
more  shaly.  These  have  the  same  nortii^eat  diVp  \  Vo^  ^vt 
ibey  extend  into  the  valley  I  do  not  know.    ?ioi  nog^st^  ^^1% 


that  Sailing's  Mountain  is  composed  of  brown  shales,  whicb 
be  makes  the  upper  member  of  bis  No.  I,  or  Potsdam  forma- 
tion. He  further  says  that  in  them  the  dip  is  inverted,  or  to 
the  southeast,  the  limestones  of  the  Great  Valley,  i.  e.,  the 
Trenton,  Chazy,  &c.  {his  No.  II},  passing  under  them.  My 
section  not  having  extended  into  these  strata,  I  can  say  noth- 
ing concerning  their  age,  except  that  they  would  seem  to  over- 
lie the  Calciferous  sandrock,  as  the  continued  section  above 
given  extends  through  the  Potsdam  strata  to  those  of  the 
Calciferous.  From  this  change  of  dip  it  appcare  that  in  this 
r^on  the  break  and  overturn  of  strata,  wnich  elsewhere  ex- 
tends through  all  the  Primordial  rocks,  is  found  only  in  the 
strata  overlying  the  Calciferous. 

Some  of  the  strata  given  in  the  above  section  present  fea- 
tures of  special  interest,  which  must  now  be  noticed. 

The  quartzite,  Na  (1),  which  immediately  joins  the  syenite, 
is  noteworthy  as  being  the  most  completely  metamorphosed 
rock  seen  in  the  entire  section.  This  is  evidently  due  to  its 
contact  with  the  crystalline  rock.  It  ia  without  bei^ding,  and  is 
affected  by  the  same  system  of  northeast  and  southwest  joints 
seen  in  the  syenite,  and  apparently  forms  one  mass  with  the 
latter,  no  distinct  line  of  junction  being  visible.  The  texture 
is  nearly  compact,  from  the  fusion  of  the  quartz  grains. 
Numerous  brilliant,  perfectly  crystallized,  particles  of  white 
feldspar  of  small  size  occur.  A  few  small,  imperfectly  crystal- 
lized garnets  are  seen  in  it  The  next  rock.  No,  (2),  next  to 
the  quartzite,  is  a  brown,  crumbling,  shaly  mass,  without  bed- 
ding, which  at  its  western  edge  terminates  in  a  bed  of  feld- 
spathic  conglomerate.  This  has  a  high  inclination  to  the  north- 
west The  appearance  of  the  lower  portion  of  No.  (2),  and  the 
highly  altered  condition  of  (1),  seem  to  show  that  the  upheaval 
of  the  adjacent  portion  of  the  syenite  took  place  after  their  de- 
position, while  tne  succeeding  conglomerates  are  evidently  the 
products  of  this  disturbance.  These  conglomerates  all  closely 
resemble  each  other,  and  present  some  interesting  features. 
They  are  composed  of  wat«r-wom  particles  of  quartz  and  red 
feldspar,  of  all  sizes,  up  to  that  of^  a  buckshot  The  feldspar 
laigely  predominates,  and  is  remarkable  for  its  freshness,  show- 
ing even  in  very  small  particles  brilliant  cleavage  surfaces. 
Both  it  and  the  quartz  are  plainly  derived  from  the  neighbor- 
ing syenite.  The  deposition  must  have  taken  place  rapidly. 
The  coarser  particles  are  cemented  together  by  a  dark  gray, 
very  fine-grained  paste,  having  the  appearance,  texture,  and 
hatiiness  of  talc  slate.  It  is  apparently  formed  of  finely  com- 
minuted feldspar  and  argillaceous  matter.  The  entire  mass 
weathers  by  exfoliation  oi  co"[iceti\,v'\(iwi\iA9,,  producing  rounded 
bouJders   most  8triY\ng\5  \\Vei    ati  \%TieoM&  tc*3«.,    ^ci^tsA.,  V 
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was  induced   by  this  peculiarity  to  study  closely  its  compo* 
sition,  under  the  impression  that  such  was  its  nature. 

These  conglomerates  crop  out  on  the  top  of  the  mountain, 
and  are  partially  exposed  in  the  road.  Here  I  discovered  that 
the  upper  part  of  No.  (4)  was  composed  of  a  mass  of  angular 
fragments  of  slate  cemented  together  by  conglomeritic  matter. 
These  fragments  of  slate,  sometimes  as  large  as  the  hand,  are  of 

f)recise]y  the  same  character  as  the  ai^llites  which  make  up  so 
arge  a  part  of  the  Blue  Ridge,  especially  to  the  north.  Tneir 
existence  here  shows  not  only  that  these  argillites  are  older  than 
the  lowest  Primordial  rocks,  but  that  they  were  already  in  a 
metamorphosed  condition  prior  to  the  Primordial  Period.  The 
shales  lying  between  the  beds  of  conglomerate  are  very  much 
contorted,  and  they,  with  the  succeeding  strata  up  to  (8),  seem 
to  be  mainly  composed  of  finely  comminuted  feldspathic  and 
argillaceous  material,  which  had  not  been  long  exposed  to 
decomposing  and  dissolving  agencies. 

The  massive  beds  numberSi  (8)  in  the  section  differ  strik- 
ingly from  the  underlying  rocks  in  every  respect  The  material 
composing  them  is  almost  entirely  quaitz  and  of  a  white  color, 
the  grains  being  more  or  less  rounded  and  cemented  together. 
A  few  specks  of  yellow  earthy  matter  occur,  marking  the  posi- 
tion of  aecomposed  particles  of  feldspar.  With  this  exception, 
the  rock  is  remarkably  free  from  all  minerals  except  quartz. 
If  I  mistake  not,  this  is  the  rock  mentioned  by  Prof.  Rogers  as 
typical  No.  1,  or  Potsdam.  But  from  his  descriptions,  given 
elsewhere  in  his  reports,  the  strata  which  I  have  numbered  (10) 
coincide  more  nearly  with  his  sandstone.  No.  L  This  also 
agrees  best  with  the  relative  positions  of  No.  (10),  and  of  the 
Calciferous  sandrock,  which  forms  the  upper  part  of  No.  (11). 

We  may  pass  over  the  strata  forming  (9)  in  the  section,  as 
they  lie  in  such  confusion  that  it  would  be  unsafe  to  attempt 
to  give  details.  I  may  state,  however,  that  the  sandstones 
which  occur  in  the  shales  of  this  series  are  quite  thin.  The 
coarsest  and  most  massive  layers  are  not  more  than  8  or  10 
feet  thick.  It  is  worthy  of  note  that  these  sandstones  are  much 
more  altered  than  the  shales  by  the  disturbances  to  which  thev 
have  been  subjected.  The  shales  seem  hardlv  at  all  affected, 
while  the  sandstones  are  much  indurated  and  on;en  impregnated 
with  epidotic  and  other  meta];norphic  products.  The  material 
composing  the  shales  is  gray,  argillaceous  matter,  with  some 
beds  of  brown  and  reddish  colors. 

No.  (10).  This  series,  which  is  probably  the  equivalent  of  the 
Potsdam  sandstone  of  New  YorK,  is  composed  of  alternating 
strata  of  quartzite  and  kaolin  shales.    The  quartzite  layers  vary 
in  thickness  from  20  feet  to  3  or  4  feet   Many  ate  c\vi\\i^  e^xxv^^s^V 
and  some  reaemble  vein  quartz  in  fracture  and  o\Jci«t  tealoox^sii* 


wymia. 

The  quartzites  predotninate  in  the  lower  beds.  The  kaolin 
shales  oftea  pass  into  a  fioe-graioed  sandstone,  in  which  itie 
grains  of  sand  and  kaolin  of  uniform  size  are  equally  and  uni- 
formly mixed,  Tiiis  latter  rock,  which  is  very  common  in  the 
Potsdam  of  the  northern  part  of  the  State,  appears  in  great  force 
at  Rockflah  Gap,  and  will  be  described  in  the  section  uiere  more 
fully.  The  strata  of  (10)  are  remarkable  for  their  freedom 
from  coloring  matters,  and  for  the  thorough  decomposition  of 
the  feldspathic  matter  pi'esent.  The  kaolin  shales  and  shalr 
sandstones  occur  in  plates  of  a  few  inches  to  a  foot  or  more  in 
thickness.  They  are  much  fractured  by  the  extraordinary  dis- 
turbance to  which  they  have  been  subjected.  Notwithstanding 
the  great  amount  of  motion  which  has  taken  place  in  these 
strata,  the  shales  do  not  seem  to  be  metamorphosed  beyond 
perhaps  a  partial  loss  of  plasticity.  Here  again  the  sandstones 
show  greater  alteration.  It  is  generally  true,  I  think,  thai 
beds  oi  pure  argillaceous  matter  undergo  far  less  metamorphosis 
in  composition  and  texture  than  the  siliceous  layers  wbicb  are 
interstratified  with  them.  This  at  least  is  very  generally  true 
of  the  disturbed  rocks  of  the  Silurian  and  Devonian  areas  in 
Virginia  and  elsewhere,  where  I  have  observed  them.  The 
usual  effect  on  these  shales  of  the  compression,  &c.  produced 
by  disturbances  is  to  cause  them  to  assume  more  or  less  of  thr 
slaty  cleavage,  but  I  have  never  seen  any  approach  lo  general 
orystallization  of  the  constituents,  even  in  the  most  proFbundlv 
convulsed  districts.  Again,  the  change  in  the  beds  of  sand- 
stone is  usually  the  consolidation  of  the  individual  grains  of 
sand.  When  foreign  material  is  introduced,  it  is  always  m 
the  form  of  local  impregnations,  plainly  caused  by  circulating 
heated  waters.  I  will  return  to  this  su'bject  later.  The  strata 
of  No.  (11)  do  not  req^uire  a  further  description. 

The  following  section,  No.  I,  represents  the  strata  from  (1) 
to  (8)  inclusive.  No.  (8)  rises  in  a  cliflt  200-300  feet  high, 
leaning  over  in  an  arch  toward  the  syenite. 


In  this  section,  (a)  represents  the  bed  of  quartzite  mentioned 
in  a  former  paper,  as  occurring  on  the  east  side  of  the  syenitic 
mountain,  while  (h)  denotea  a.  portion  of  the  mica  slates  which 
Jean  against  this  range  on  ^\»e  east,  ■wv'Cg.  v*  ?o-*SX^»ai.  ix?^    Tts 
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strata  numbered  from  (1)  to  (8)  denote  those  tlius  Dumbered  in  the 
deBcriptioDS,  while  (c)  represents  the  syenites  against  nhich 
these  lean  with  a  high  north  west  dip.  This  section  represents  the 
stratiScation  on  the  canal,  but  on  the  slopes  of  the  mountain 
ascending  from  the  west  (8)  and  the  oTerlying  strata  are  crowded 
over  to  some  extent  on  the  outcrop  of  the  subjacent  rocks. 

From  the  occurrence  of  the  quartzite  stratum  at  (a),  and  the 
fact  that  the  Primordial  strata  ascend  to  the  summit  of  the 
srenitic  mountain,  it  might,  at  the  first  glance,  be  supposed  that 
Ute  slates  at  (6^  are  merely  the  extension  of  the  strata  on  the 
west  in  a  more  nighly  altered  condition.  But  this  idea  is  forbid- 
den bj  the  great  difierence  in  the  thickness  of  the  western  and 
eastern  quartzites,  and  by  the  total  change  in  the  character  of 
the  beds,  those  on  the  east  being  a  great  mass  of  mica  slates, 
quite  r^ularly  bedded,  and  showing  none  of  the  alteroations 
of  strata  seen  but  a  little  distance  away  on  the  west  This 
relative  position  of  the  two  systems  of  bedded  rocks  explains 
the  fact  mentioned  by  Prof.  Rogers  as  occurring  in  the  more 
northerly  portion  of  the  State,  where  Primordial  strata  with 
northwest  aip  lie  upon  the  edges  of  the  slates  of  the  ridgea  which 
dip  to  the  southeast  This  would  occur  here  were  the  syenitio 
mass  absent,  and,  as  we  shall  see,  it  does  not  form  a  dividing  ridge 
iartber  north.  The  following  section,  No.  U,  gives  a  repre 
Bentation  of  the  stratification  of  series  (9),  (10)  and  (11).  As 
far  as  (9)  and  (10)  are  concerned,  it  is  in  part  ideal,  and  I  do 
not  insist  upon  the  correctness  of  my  estimate  of  their  thickness. 
Sionoif  n. 

(9)  6rB7  and  raddlah  itudea  and 


No  detailed  examination  was  made  at  this  point  of  the 
Primordial  rocks.  At  the  west  base  of  the  syenitic  range, 
gray  shales  and  kaolin  shales,  very  imperfectly  exposed,  were 
seen  to  pass  a  little  distance  up  the  mountain.  Tney  have  a 
high  southeast  dip,  showing  the  inversion  of  the  lowest  portion  of 
the  Primordial  strata  in  this  region.  It  is  probable  tost  some 
of  the  lower  strata  have  been  iogulfed  in  tne  overturn.  Prof. 
Sogers  states  that  itom  this  point  to  the  aoutihweeX  <!ltie  m'^«m(»v 
general} J  prev&ilB. 

fn>  ba  oontiattBd.} 


Akt.  XL. — Oil  Ihe  .'Silurian  aife  of  the  SonOient  Appalachians ; 
by  Frank  U.  Bradley. 

[CoDtiauad  from  page  2SS.] 

[Since  the  previous  part  of  this  article  was  in  type,  anotber 
trip  has  been  made  from  Athena  to  Murphy,  by  a  road  a  short 
distance  farther  north  than  the  oue  previously  used.  The  sec- 
tion 13  easeatially  the  same  as  that  already  reported,  except 
that,  afler  passing  the  sofl  schists  of  the  Ducktown  anticlinal.  sX 
the  Hanging  Dog  Iron  Works,  the  Ocoee  and  Ohilhowee  rocks, 
intervening  between  this  anticlinal  and  the  Valley  River  mar- 
ble, have  Deen  forced  past  the  vertical,  and  are  exposed  in 
inverted  order,  with  northwesterly  dips,  until  we  have  almost 
reached  the  valley  at  Tomotla,  where  southeast  dipa  appear. 

On  page  284,  line  13  from  top,  for  "At  Athena, '  read  "Just 
south  of  Athens,"  for,  about  the  railroad  station,  the  Knox 
dolomyte  shows  an  abundance  of  its  characteristic  chert,  ami 
the  creek  banks  near  the  court-house  have  exposures  of  the 
shaly  limestone  of  the  Obazy  eptwh.  The  section  was  com- 
menced perhaps  a  half  mile  south  of  the  court-house. 

Through  inexcusable  oversight,  two  errors  have  remained 
on  page  286,  af\er  revi.-iion.  As  Safford's  report  and  map  bnth 
plainly  show,  the  Knoxville  fault  passes  a  little  north  of  the 
railroad  at  Athens,  instesid  of  two  miles  south  of  that  place. 
The  fault  noticed  at  the  latter  point  passes  about  nine  miles 
south  of  Knoxville,  where,  though  not  luentioneil  in  the  section 

f'ven,  it  separates  the  Cincinnati  '"iron-limestones"  from  ibe 
nox  dolomyte,  both  of  which  beds  have  there,  locally,  south- 
east dip.**.  The  Maryville  outcrop  of  Kuox  dolomyte  is  thus 
shown  to  be  the  same  one  met  with  at  Middle  Creek  and 
vicinity.] 

5.  The  MarbU  Belt. 
Three  or  four  mites  to  the  southwest  of  Dehart's,  on  Silver 
Creek,  a  tributary  of  the  Nantahala,  a  heavy  bed  of  marble  is 
reported,  which  is  supposed  to  carrv  silverorea  Farther  south- 
west, perhups  ten  miles  from  the  Little  Tennessee,  its  outcrop 
strikes  the  main  valley  of  the  lower  Nantaiiala,  not  far  below 
the  Blowing  Spring,  and  follows  it,  perhaps  four  miles,  to  Red 
Marble  Creek,  which  it  ascends  to  its  head  at  Red  Marble  Gap, 
and  thence  descends  Valley  River.  From  the  Blowing  Spring 
to  the  Red  Marble  Gap  the  bed  shows  considerable  quantities 
of  a  bright  pink  or  flesh-colored  marble,  more  or  leas  variegated, 
in  a  patchy  way,  with  various  light  shades  of  green  and  green- 
ish-white, due  mainly  to  the  presence  of  more  or  less  talc,  which 
is  sometimes  in  pieces  \ai:^e  uuon'^^to  \\io!«.ft  tci"\?,\'iftTa.ble  6aws, 
or  "dries,"  as  the  macbWvioTkeia <ia.\\ vVem.    "^\v^^^xia<A'&.% 
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material  as  an  ornamental  stone  is  still  further  diminished  by 
the  frequent  dissemination  of  small  grains  of  quartz  through  the 
mass,  which  prevent  a  perfect  polish.  At  some  points  along 
Red  Marble  Creek,  especially  near  its  mouth,  we  find  large  por- 
tions of  the  marble  even  shaly,  with  talc  or  chlorite,  or  both,  and 
very  much  disturbed  and  intermingled  with  chlorite  schists. 
Some  of  these  impure  portions  are  of  a  rich  chocolate  brown. 
On  the  mountain-side,  northwest  of  the  creek,  ascending  the 
road  leading  from  its  mouth  across  to  the  head  of  Tallula  Fork  of 
Cheowa,  we  find  a  second  outcrop  of  the  marble,  mainly  blue 
and  bluish-white  and  partly  chloritic,  held  in  the  trough  of  a 
small  subordinate  fold,  as  was  suggested  with  respect  to  the 
disturbed  strata  between  Valley  River  and  Cheowa.  Higher 
up,  the  underlying  chlorite  slates  are  so  much  distorted  that,  at 
one  point,  dips  of  S.  60®  E.  and  S.  56®  W.  were  noticed  within 
ten  feet  of  each  other,  in  the  solid  strata. 

The  local  fold  just  mentioned  seems  to  be  converted  into  a 
fault,  as  we  pass  southwestward,  toward  Valleytown.  The  main 
line  of  marble-outcrop,  passing  through  Red  Marble  Gap,  runs 
by  Swepson's  and  Ingranam^s  localities,  making  deep  and  long 
hollows  as  it  crosses  the  mountain-spurs,  crosses  Junaluska 
Creek,  near  Valleytown,  and  apparently  continues  nearly  to 
Paint  Creek,  where  the  overlying  pyritous  and  micaceous  lime- 
stone outcrops,  just  southeast  of  the  fault  Higher  up,  as  on 
Junaluska  Cfreek,  the  marble  is  underlaid  by  siliceous,  chloritic 
and  hydromica  schists,  of  the  age  of  the  Knox  shale,  followed 
below  by  gneisses,  partly  schistose,  partly  quartzytic,  represent- 
ing the  Knox  and  Chilhowee  sandstones,  which  latter  form  a 
high  ridge,  for  several  miles,  between  this  lead  of  marble  and 
the  upper  part  of  the  Valley  River  valley.  On  the  northwest 
side  of  the  fault,  the  marble  makes  its  appearance  about  a  mile 
above  Valleytown,  outcrops  at  several  points  near  Whittaker's 
house,  where  a  little  quarrying  has  been  done,  and  continues, 
apparently  without  interruption,  down  the  valley  to  Murphy, 
where  it  crosses  the  Hiwassee.  Thence,  crossing  the  lower 
course  of  Notla  River,  it  crosses  the  lower  part  of  Hemptown 
Creek,  then  crosses  the  Ocoee  River  and  continues  to  the  White 
Path  gold  mines  and  Ellijoy,  in  Gilmer  County,  Ga.,  where  we 
shall  meet  it  again.  The  line  thus  traced  is,  in  direct  course, 
over  sixty  miles  in  length.  Without  more  detailed  surveys 
along  the  whole  line,  we  cannot  be  sure  that  there  are  no  other 
breaks  in  its  continuity ;  but,  as  thus  far  known,  the  Valley- 
town fault  appears  to  be  the  only  very  important  one.  Just 
opposite  Valleytown,  a  partial  break  exposes  another  outcrop  of 
the  underlying  gneiss,  between  Whittaker's  and  CoUett^s  ;  but 
the  two  strips  of  the  marble  are  united,  as  they  \i«fi»  w^mXXx'^^V 
wsixJ,  at  perhaps  ten  miles  below  Valleytowxi.    Ixv  X}ck\a  x^^ev^- 
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borhood,  there  are  also  local  foldings  of  the  overlying  straU, 
but  not  supIi  as  to  ioterfere  greatly  with  the  general  rt^jularitj 
of  the  beiiding. 

Though  the  nwteriala  of  the  several  outcrops  are  quite  vaii- 
able,  yet  the  variation  is  of  &o  constant  a  character  in  ail,  that 
one  would  have  little  hesitation  in  reci^nizing  them  a^  parte  of 
one  bed,  even  without  thd  strati  graphical  reasons  for  the  conclu- 
Bion.  Along  Valley  River,  aad  south  westward,  the  rock  ia 
mainly  a  bluisli  or  grayish-white,  fine-grained  marble,  the  piok 
tinge  of  tho  Nantahala  outcrops  being  rarely  seen  and  then  in 
very  pale  tints.  One  layer,  from  eight  to  twelve  feet  thick,  is 
nearly  black,  or  black-and-white  striped,  compact,  and  capable 
of  taking  a  fine  polish,  thus  forming  a  very  beautiful  omamenial 
stone,  but  still  showing,  under  the  glass,  an  oolitic  structure 
like  that  of  many  of  tne  lower  layers  of  the  unaltered  Knox 
limestone.  This  waa  particularly  noticed  on  J,  T.  Young's 
land,  about  a  mile  northeast  of  Valleytown,  and  at  the 
mouth  of  Lenoir's  abaft  on  lot  "'Na  6."  near  Murpby.  The 
full  thickne33  of  the  marble,  near  Murphy,  is  estimated  at  about 
four  hundred  feet 

Aside  from  disseminated  grains  of  sand,  which  are  sometiroea 
very  abundant,  though  at  otbera  entirely  absent,  the  principal 
impurity  of  the  marble  is  tremolite,  which  is  sometimes  present 
in  quantity,  either  in  separate,  long,  bladed  crystals,  or  in 
finely  radiated  clusters,  or  in  large,  almost  granular  masses.  It 
is  Biiid  to  form,  at  some  points,  considerable  layers,  consisting 
solely  of  it,  which  is  certainly  true  at  outcrops  further  south, 
near  Gainesville,  Ilall  County,  Ga.  As  lliis  mineral  is  essen- 
tialiy  n  silicate  of  lime  aad  magaesin,  it  is  n^turaJ  to  refer  its 
origm  to  the  abundant  chert  of  the  unaltered  Knox  dolomyte, 
which  carries  so  much  dolomyte  in  its  intimate  structure  that 
it  very  readily  disintegrates  when  exposed  for  some  time  to  the 
action  of  percolating  ruin-water.  At  some  points,  as  near  Col- 
lett'a,  the  marble  is  coarsegrained,  and  filled  with  small  crys- 
tals of  pyrite.  At  "No.  6,"  there  is  a  thin  layer  of  cellular 
quartz,  possibly  a  true  vein,  filled  with  crystals  of  calcite,  dis- 
seminated grains  and  masses  of  argentiferous  galenite  and  some 
free  gold.*     The  gravel  along  the  outcrop,  for  several  miles, 

*The  deep  wenlboring  away  of  the  marble  haa  caused  the  aocumuUitiou,  opoa 
the  outcrop,  of  the  gold  originallj  disseminated  through  a  large  aiuouDl  ol  [ock; 
aod  turfiice -wash lags  have  tiierefore  paid  enennouslj. 

The  vein-stuff,  at  '  So.  6,"  as  exposed  by  sha!^  and  drift,  about  fifty  feet  below 
the  ouicrop,  shows  the  rolloviag  section ;  — 

While,  flne-arained  marble,  with  galenico,  calcite  aud  thin 

quartz  veins,.. 6  to  6  feet 

Coarse-Kranular    treniolyW, - !  to  6  iDChes. 

Flinty  quartz,  with  little  calcite, 15  iaches. 

yellowish-browD  and  RieeiiBiv  *atY  \™eMnii«, 1  foot 

Green  and  brown,  compacl,  ^.tiaUj,  \\34iiniiv»  *\si.\>t,  ■»\>ii 
diMemiuated  pyrite,  incWdin^  awesitt  Kn4\.\tiaV-i«iT»  it 
e»ar8e.ffranula.r  matWe, *'™*- 
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pa^s  well  for  washing ;  and  it  is  therefore  inferred  that  this 
vein,  or  others  like  it,  must  be,  so  far,  constantly  present  in  the 
marble ;  indeed,  similar  vein-stuflF  has  been  seen  in  the  outcrop, 
several  miles  up  Valley  River.  I  have  not  learned  of  the  pres- 
ence of  sphalente  in  the  marble  at  any  point 

One  oi  the  most  common  accompaniments  of  the  marble,  in 
this  neighborhood,  from  the  Blowing  Spring  to  the  Ocoee,  and 
perhaps  farther,  is  a  bed  of  very  pure  steatite,  or  "  cotton-rock,'* 
as  it  is  locally  called.  This  has  been  (quarried,  in  small  quanti- 
tieSj  at  several  points,  partly  for  the  lining  of  furnaces  at  the 
Ducktown  Copper  Works,  partly  for  the  making  of  the  so-called 
"  lava  "  tips  for  gas-burners.  Mr.  A,  A.  Campbell  of  Tomotla, 
who  has  quarried  much  of  it,  tells  me  that  he  has  sometimes 
found  it  nlling  small  basins  in  the  surface  of  the  marble ;  but, 
as  I  understand  his  statement,  this  may  have  resulted  from 
local  sharp  folds  of  the  strata,  and  the  steatite  may  still  be  a 
regular  overlying  layer  conformable  with  the  marble,  as  I  be- 
lieve to  be  generally  the  case.  The  outcrops,  however,  are  not 
favorable  to  a  decision  on  this  point  At  Tomotla  P.  O.,  the 
steatite  lies  in  a  bed,  8  or  9  feet  thick,  below  the  marble,  and 
separated  ftx)m  it  by  a  bed  of  granular  quaitzyte.  Below  the 
limit  of  precolation  and  consequent  decomposition,  the  steatite 
is  of  a  rich  green  tint,  translucent,  and  endures  sudden  heating ; 
when  partially  altered,  it  is  opaque,  of  a  rusty  yellow  color,  and, 
by  reason  of  absorbed  water,  sphnters  when  quickly  heated,  but 
CTadually  hardens  like  the  unaltered  rock.  At  one  pit,  on 
Notla  River,  the  surface  is  covered  with  a  dense  blue  raud, 
which  appear  to  be  the  ultimate  result  of  underground  decom- 
position.    The  rock  sometimes  contains  tremolite  crystals. 

The  marble  is  also  pretty  constantly  accompanied,  hereabout, 
by  thin  beds  of  cellular  chert  and  itacolumyte  (flexible  sand- 
stone), sometimes  separate,  sometimes  running  into  each  other. 
These,  I  believe,  mainly  overlie  the  marble.  A  good  point  for 
examining  them  is  the  neighborhood  of  Red  Marble  Oap. 

Heavy  beds  of  limonite,  compact,  cellular  and  ocnreous, 
partly  pure,  partly  cherty,  also  follow  the  outcrops  of  the  mar- 
ole,  and  have  been  mined,  or  rather  quarried,  at  several  points, 
for  the  supply  of  small  furnaces  and  forgea  These  are  of 
essentially  tne  same  character  as  the  limonites  which  are  so 
abundant  along  the  outcrops  of  the  unaltered  or  slightly -altered 
Knox  dolomyte  throughout  East  Tennassee,  Georgia  and  Ala- 
bama, and  extend  nortneastward  to  New  England  and  Canada ; 
but  some  of  them  are  considered  to  be  exceptionally  pure. 
They  are  said  to  carry,  at  most  points,  small  amounts  of  gold 
and  silver,  though  rarely  enough  to  make  them  worth  working 
for  those  metala  These  ores  occur  at  four  weW-mwVedi  Votv- 
ZOD3,  one  immediately  beneath  the  marble,  ifcie  o\):iei%  «Joon^\V 
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8  sliown  in  the  accompanying  section  of  the  rocks  at  and  neu 
Murphy : 

1,  Flydromica  schiBis,  smooth  and  wrinkled,  ferrugi- 

nous, with  garnets,  Btauroliies,  titanic  iron   and 
gold — some  quartz  veins. 

2.  FinR-crained  chloritie  enciss. 

A.  Talcoid  schiHts,  with  mica  crystals. 

4.  Dark  greenish -black  hornblende  rock,  with  garnets. 

5.  MicAccouB    limestone,  with  pyrite,  weatberiog    to 

limonite 500  •\-  fNt, 

6.  Hydromioa  sehiatB. IM        " 

7.  Ltmonites  {rarely  mined) fiO  to  70        " 

8.  Hydromiea  Bchists 100        " 

9.  Koolty  (j^uartKytes 86        " 

10.  Ilydromica  schists 25       * 

11.  Slaty  steatyle, - 30       ■ 

12.  Soft  schists  and  gneisses,  with  streaks  of  speckled 

mica  slates, 250       " 

18.  Hydromiea  schists,  with  limonitett 100  to  200        " 

U.  Marble 400        * 

15.  Limonites 100  to  200        " 

16.  Quartzyte, 

17-  Heavy-Dedded  gndss. 

No.  5  of  this  13  the  evident  source  of  one  of  these  limonite 
belt^:  and  the  others  may  very  probably  have  similar  origin; 
but  I  have  uot  seen  any  exposure  of  the  strata  beneath  them. 
This  pyritoua  limestone  was  seen  in  the  ridge  between  Professor 
OhiiRteil's  houae  and  Lenoir's  shaft,  near  Murphy  ;  also  at  the 
P.'irker  gold  mine,  H  miles  northeast;  also  near  Whittaker's 
(now  Ross's)  Mill,  14  miles  northeast;  also  on  Paint  Creek, 
near  Valleytown.  The  heaviest  outcrop  seen  is  at  the  Parker 
Mine.  As  the  section  shows,  this  bed,  near  Murphy,  lies  about 
900  feet  above  the  marble,  which  we  suppose  to  represent  the 
Knox  dolomyte,  though  much  thinner  than  that  group  is  in  its 
Tennessee  exposures.  This  difitance  would  not  vary  much 
from  the  space  separating  the  Knox  from  the  iron-limestone  of 
the  Cincinnati  group  near  Knoxville,  and  I  am  strongly  im- 
pressed with  the  belief  that  the  pyritou^and  micaceous  limestone 
18  the  equivalent  of  this  latter  bed,  because  of  both  its  chemical 
composition  and  its  position.  The  hornblende  rock  of  No.  4 
of  the  section  may  perhaps  be  included,  since  the  dark-colored 
hornblendes  are  essentially  silicates  of  lime,  magnesia  and  iron; 
but,  if  so.  we  must  also  include  all  the  overlying  beds  of  the 
section,  since  rock  of  precisely  the  same  characters  occurs,  in 
thin  layers,  at  intervals,  throughout  the  schists  of  No,  1,  on  the 
ridge  back  of  the  Parker  Mine.  I  am  at  present  inclined  lo 
thus  include  these  sjiVi\a\s,  aiiA.  ?o  \o  t?:^et  ^^i^  "RVoVft  »i.ijijer  ^art 
of  the  section  to  the  Gmcmtia.iiv  ^tou'^. 
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About  four  miles  above  Murphy,  on  Peachtree  Creek,  another 
outcrop  of  marble  occurs,  whicn  appears  to  be  the  equivalen);  of 
that  already  discussed,  which  requires  the  existence  of  a  con- 
siderable fault  somewhere  between  the  two  outcrops.  I  am  not 
entirely  certain  as  to  the  locajbion  of  this  fault,  since  the  strata 
vary  locally  to  such  an  extent,  hereabout  I  believe,  however, 
that  it  is  very  close  to  the  Peachtree  outcrop.  Accordingly,  I 
would  refer  all  the  intervening  strata  to  either  the  upper  jjart 
of  the  Cincinnati  group  or  the  overlying  beds  of  the  Silurian. 
Ascending  the  Hiwassee,  after  leaving  the  auriferous  hydromica 
schists  of  No.  1  of  the  foregoing  section,  which  underlie  most  of 
the  town  of  Murphy  and  extend  nearly  a  half  mile  up  the  river, 
we  find,  first,  a  nne-grained,  ferruginous  micaceous,  quartzytic 
sandstone ;  then,  a  thin  bed  of  chlorite  slate ;  then,  a  thousand 
feet  or  more  of  fine-grained  gray  sandstones,  with  quartz  veins ; 
then,  white,  gray  and  ferruginous  quartzytes,  partly  heavy- 
bedded,  with  pyritiferous  quartz  veins,  interlaminated  with  sili- 
ceous mica  slate  and  hydromica  schists,  at  least  three  thousand 
feet  in  all :  then,  several  hundred  feet  of  mottled  hydromica 
slates,  with  mica  crystals,  a  few  staurolites,  and  some  gold. 
This  brings  us  to  the  mouth  of  Peachtree,  on  the  line  of  strike 
of  this  marble  outcrop :  though  the  marble  does  not  appear 
near  and  south  of  the  crossing  of  the  Hiwassee,  yet  the  accom- 
panying limonites,  which  are  abundant  on  Peachtree,  are  also 
largely  developed  beyond  the  river,  and  a  low  valley,  evidently 
erMcd  in  soft  strata,  runs  on  for  some  miles  toward  the  upper 
course  of  the  Notla  River.  On  Peachtree  Creek,  near  M.  L. 
Brittain's,  the  marble  shows  white,  blue,  gray  and  I'eddish- 
brown  layers,  the  darker  varieties  being  often  quite  impure 
with  streaks  of  schist,  partly  siliceous.  Beneath  them,  a  pyri- 
toas  steatite  occurs  at  one  point,  which  must  be  the  equivalent 
of  the  "  cotton-rock  "'  above  described  ;  but  the  exposed  out- 
crop is  much  more  impure  than  that  on  Valley  River  and 
Notla.  Above  the  marble,  there  is  here  a  garnetiferous  schistose 
brown  limestone,  which  graduates  into  a  calcareous  mica  schist 
These  beds,  over  2,000  feet  thick,  form  a  high  ridge,  which,  in 
itB  more  eastern  portion,  between  the  two  forks  of  Peachtree,  is 
known  as  Breeding  Mountain :  an  isolated  portion  lies  between 
lower  Peachtree  and  the  Mission  farm  on  Hiwassee  River ;  and, 
south  of  the  river,  the  line  continues  on  between  this  belt  of 
marble  and  Little  Brasstown  Creek.  Just  beyond  this,  another 
fieiult  again  brings  up  the  marble,  which  outcrops  at  several 
points  on  Little  Brasstown  and  on  and  near  the  Mission 
farm,  being  accompanied  as  usual  by  heavy  beds  of  limonites. 
These  limonites,  ooth  here  and  on  Peachtree,  are  largely 
ochres,  and  are  said  to  contain  considerble  aiCLO\ixi\A  ol  ^A^^t^ 
copper  and  lead.     Above  the  Mission  farm^  X\i^  ON«t\^*va% 


calcareous  mica  Bcliiat  formn  another  liigh  ridge,  which  cDiaa 
sharply  to  the  river  bank  on  both  sides.  Those  two  belte  of 
marble  are  apparently  broken  off  toward  the  northeast,  though 
each  has  been  traced  some  distance  into  the  mountain^!,  hj 
lines  of  sink-holea.  They  probably  reaoh  the  more  soutbeni 
branches  of  Vengeance's  Creek,  but  do  not  appear  on  its  more 
nortliern  ones.  Their  southwestern  continuations  have  not 
been  traced  continuously ;  but  outcrops  of  marble,  representing 
one  at  least  and  probably  both,  occur  on  Notla  Hiver,  about  at 
tie  State  line.  The  marble  of  Jasper,  Pickena  County,  Ga.,  is 
probably  on  the  continuation  of  one  of  these  belts. 

In  passing  on  up  Brosstown  Creek,  we  find  principally  mics 
and  hydromica  slates  and  schists,  with  many  staurolites  and 
small  garnets,  and  increasingly  numerous  quartz  veins  which, 
AS  we  approach  the  Geoi^ia  line,  become  pyritoua  and  frequently 
auriferous.  On  both  aides  of  the  line,  veins  rich  in  gola  have 
been  opened,  though  none  has  yet  been  extensively  worked. 
Two  small  stamp-mills  are  now  running,  in  this  neighborhood 
In  some  of  these  veins,  argentiferous  galenite  occnrs  in  consid- 
erable quantities. 

Somewhere  near  this  point,  both  Emmons  and  Kerr  indicate 
a  great  fault,  separating  the  so-called  "  Taconic"  or  "  Huronian, " 
on  the  noithwest,  from  the  "Azoic"  or  "Laureniian,"'  on  the 
southeast.  I  cannot  certify  to  the  non-existence  of  such  afaah: 
but  I  have  crossed  its  supposed  line  and  the  succeeding  bell  of 
country  for  several  miles,  on  three  distinct  routes,  without  hav- 
ing found  any  appearance  of  unconformability  or  anf  very 
marked  change  in  rock  characters,  except  that  homblendic 
strata  become  more  numerous  at  some  points.  In  ascending  the 
Little  Tennessee,  from  where  we  have  supposed  the  main  belt 
of  marble  to  cross  it.  we  find  schists  and  gneisses  dipping  south- 
easterly, until  within  nine  miles  of  Franklin,  where  north- 
westerly dips  set  in,  continuing  about  five  miles,  until  we  meel 
with  decayed,  auriferous,  hydromica  schists  dipping  45*  to  60°, 
to  N.  10''-15''  E.  As  this  has  been  the  eastern  limit  of  my  ei- 
plorations,  I  am  not  sure  that  this  may  not  mark  an  approach  w 
another  series  of  rocks ;  but  the  character  of  the  material  does 
not  indicate  this,  and  I  am  inclined  to  believe  that  the  jiotM- 
easterly  dips  are  only  local,  and  that  the  limestone  reported  hj 
Dr.  Curtis  as  existing  in  considerable  quantity  on  the  western 
slope  of  tlie  Cowee  Mountains,  about  eight  miles  east  of  Frank- 
lin, is  really  the  southeastern  edge  of  the  synclinal  of  which 
the  Nanlahala  and  Valley  River  outcrop  is  the  northwestern. 
At  least,  I  have  found  no  definite  boundary  to  the  Silurian  in 
this  direction. 

If  there  are  any  non-Silurian  beds  in  this  r^on,  thev  are    : 
those  which  form  the  higher  portions  of  the    Valley   lUver    j 


F,  H,  Bradley — Sibirian  age  of  ihe  Southern  Appalachiane,     877 

Mountains  and  Nantahala  Mountains.  On  the  lower  Nantaliala, 
opposite  the  mouth  of  Bed  Marble  Creek,  an  extensive  outcrop 
of  chloritic  gneisses,  dipping  55°,  S.  65*'-70®  E.,  commences 
aboat  two  hundred  yards  southeast  of  the  marble,  which  here 
dips  67**,  &  57°  E.  The  intervening  space  is  covered,  but  there 
is  no  indication  of  the  presence  of  the  pyritous,  micaceous  lime- 
stone which,  farther  southwest,  oc<5upies  nearly  the  place  of  these 
gneisses.  In  this  region  of  great  disturbance,  neitner  the  varia- 
tion in  dip  nor  that  in  lithological  character  is  sufficient  to 
justify  the  inference  of  unconformability ;  yet  there  may  be  a 
fault  nere  and  displacement  either  up  or  down  on  its  southeast 
side.  Leaving  the  marble  at  Valleytown,  and  following  the 
direct  road  to  Franklin,  we  first  cross  a  wide  outcrop  of  hydro- 
mica  schists ;  then,  a  thin  bed  of  laminated  quartzyte ;  then, 
chloritic  and  mica  schists,  gradually  becoming  more  compact  and 
siliceous  and  including  some  quartzytes.  Until  we  pass  the  sum- 
mit of  the  Valley  River  Mountains,  at  Morgan's  Gap,  the  dips 
vary  from  35°  to  60°,  and  from  S.  20°  E.  to  S.  45°  E.,  apparently 
in  consequence  of  warpings  of  the  strata  rather  than  of  any  true 
unconformability  ;  but,  upon  the  eastern  slope  these  are  replaced 
by  dips  varying  from  S.  20°  E.  to  S.  60°  W,  as  if  in  the  greatly 
disturbed  strata  about  the  axis  of  a  very  irregular  synclinal 
Both  gneisses  and  schists-  here  show  more  mica  than  chlorite. 
The  irregularity  of  the  dips  continues  until  we  pass  the  summit 
of  the  Nantahala  Mountains,  where  the  synclinal  character  of 
the  region  ap(>ears  to  be  more  strongly  marked  in  sharp  north- 
westeny  dips,  which  continue  down  the  southeastern  slope. 
The  rocks  have  become  less  schistose  and  more  gneissoid,  and 
include  much  hornblende.  After  reaching  the  valley,  we  en- 
counter the  auriferous  hydromica  schists,  dipping  N.  15°  E.  as 
before  stated,  which  continue  to  Franklin.  While  I  have  not 
made  sufficiently  detailed  examinations  to  be  certain  that  these 
disturbed  strata  of  the  upper  Nantahala  are  not  of  greater  age, 
yet  what  I  have  seen  of  them  has  given  me  a  very  strong  im- 
pression that  they  are  newer  than  the  Valley  River  marbles.  This 
impression  has  only  been  strengthened  by  a  trip  from  Parker's 
Mine  to  the  head  of  Vengeance^s  Creek.  Along  this  line,  chlo- 
ritic schists,  which  must  be  above  the  marble,  gradually  pass  into 
others  a  little  more  compact  and  siliceous,  (the  precise  equiva- 
lents of  those  first  encountered  on  the  Valley  town-Franklin 
road,)  with  laminated  quartzytes.  Near  the  summit,  these 
include  a  considerable  toickness  of  fine-grained  nearly  black 
mica  slates,  becoming  siliceous  above  and  striped  with  quartz- 
ytes. 

In  passing  southeastward  from  Brasstown  Creek  toward  the 
head  of  Hiwassee  River,  we  find  southeast  dips  at  first ;  but 
these  soon  begin  to  alternate  with  northwesterly  ones,  showing 
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such  small  local  wrinkles  as  we  should  naturally  expect  along 
the  somewhat  irregular  axis  ut'a  sharp  anticlinal.     Horablendio    I 
layers  here  become  rather   more  abundant,  though  there  are   I 
still  several   belts  ot  soft  hydromica  schists,  with   thin   quartz    I 
bands,  some  of  which  are  rich   in  gold.     One  of  these  latter, 
coDtiaued   westerly,   passes    Blairsvilie,    Union    County,  Ga., 
where  rich  ore  has  been  found,  though   no  systematic  miniog 
has  been  attempted.     About   two   miles   south  of   Hiwassee, 
Towns  County,  at  Ivy  Mount  Mine,  some  of  the  horableodio 
layers  include   copper  ores,    similar   to   those   of   Ducktown.    , 
though  not  yet  fairly  developed.      Old  works,  followed  on  a 
small  scale  before  the  war,  have  recently  been  re-opened,  and 
ahow  very  promising  bcxiiea  of  ore.* 

Passing  on  southward,  on  the  Unaka  Road,  we  find  the  divid- 
ing ridge,  or  Blue  Ridge  proper,  consisting  of  inoatly  heavy- 
beaded  gneisses,  partly  hornblendiu,  with  some  schistose  por 
tioQs,  all  dipping  northwesterly  in  a  regular  monoclinal  De- 
scending the  soutliern  slopes  of  this  last  prominent  range  of  tlie 
Appalachian  chain,  the  foot  slopes  show  a  broad  outcrop  of  the 
soil  auriferous  mica  schists,  with  thin  irregular  quartz  Teins 
and  occasional  layers  of  gneiss,  quartzyte  and  itacolumyte. 
These  appear  to  be  the  opposing  edges  of  the  set  of  beds  pass- 
ing Hiwassee  and  Blairsvillef  The  recognized  "gold  belt  '  ex- 
tends to  beyond  the  Chattahoochee,  and  mining  has  been  car- 
ried on,  in  t!ie  small  way,  at  a  great  many  points.  Near  Cleve- 
land (formerly  called  Mount  Yonah),  we  reach  the  axis  of  an 
anticlinal,  along  which  appear  heavy-beilded  gneisses,  which 
forni  an  interrupted  line  of  nigh  knobs,  running  parallel  witli  the 
main  mountain.  Of  these,  Yonah  JVfountain,  in  VThite  County, 
and  Walker's  Mountain,  in  Lumpkin  County,  are  the  more 
prominent  These  beds  yield  no  gold ;  but  the  auriferous  schists 
immediately  recur  and  show  almost  continuously  for  at  least 
sixteen  mdes  south  of  Clarksville,  Habei-sham  Co,  South- 
easterly  dips  continue  from  the  Yonah  anticlinal  to  about  ten 
miles  soutn  of  C,  where  the  synclinal  of  the  Chattahoochee 
Ridge  gives  us  northwesterly  ones,  which  continue  about  five 
miles,  to  near  Hollingsworth,  where  we  pass  another  anticHnal 
and  again  find  southeaat  dips.  Besides  the  hydromica  schists, 
with  quartz  veins  and  bands,  which  constitute  the  mass  of  the 
strata,  we  find  some  chlorite  slates,  and  a  few  beds  of  gneiss, 
the  latter  partly  granitoid,  partly  porphyritic.  A  few  miles 
east  of  Clarksville,  considerable  quantities  of  marble  have  been 
"Tbe  indotinK  wallini^  are  of  very  oampact  ^eisa,  partly  homblendic  Tte 
ors  Ib  pyritouB,  and  carries  large  amounts  of  zinc-blende  (Bphalenim).  The  qoaitt 
gtutgue  la  at  some  points  full  of  apatite,  from  whose  alteration  we  hav«,  in  tbt 
crsTiceB  about  the  lower  limit  of  decompoBitJon,  conBtderable  surfacea  of  Tiviuute, 
le  blue  ciyBtslB. 
In  mining  reportB  upon  liiSa  T««imi,^iTO^MAi^'V»R\,'^,'?,'a:iji«B»(3SBA. 
-     '      n  being  metamoTp^QMa  Palwwna- 
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qaarried  and  burned  into  lime.  The  position  of  this  outcrop 
indicates  that  the  bed  probably  has  a  southeasterly  dip,  passes 
very  near  Clarksville  (possibly  along  the  depression  of  the  val- 
ley of  Soquee  Creek),  and  is  continuous  with  the  outcrop  at 
Limestone  Spring,  about  two  miles  east  of  Gainesville.  This 
bed  must  also  occur  on  the  north  side  of  the  anticlinal,  along 
the  foot  of  the  mountain,  but  is  not  yet  reported.  In  passing 
from  the  Yonah  anticlinal  direct  to  Gainesville,  Half  Co.,  a 
second  anticlinal  axis  is  passed,  near  the  crossing  of  the  Chat- 
tahoochee, which  is  apparently  not  developed  much  ferther 
east,  as  it  was  not  seen  on  the  Clarksville  road.  Near  this 
river  crossing,  at  the  Glade  Mines,  a  prominent  bed  of  itacol- 
umyte  is  reported ;  and  several  diamonds  have  been  found  in 
the  gold  washings.  The  marble,  near  the  Limestone  Spring,  is 
essentially  the  same  as  that  of  the  Valley  River  belt,  but  con- 
tains, perhaps,  rather  more  inipurities,  heavy  layers  being  here 
solid  masses  of  tremolite.  So  far  as  seen,  the  immediately 
overlying  beds  were  so  covered  with  debris  as  to  prevent  com- 
parison with  those  seen  about  Murphy.  The  Glade  mines  being 
very  near  this  belt,  one  naturally  connects  the  heavy  limonite 
beds  of  that  place  with  the  similar  ones  of  Murphy  and 
vicinity.     Silver  ore  is  also  reported  from  this  vicinity. 

Passing  westward  and  northwestward  fix>m  Gainesville,  we 
reach  the  second  anticlinal,  just  mentioned,  about  a  mile  from 
town,  with  dips  at  first  about  S.  75°-80°  W.,  which  are  the 
first  indications  of  approach  to  the  irregularities  which  mark 
the  southwestern  extremity  of  the  Blue  Ridge  proper.  The  local 
facts  to  be  stated  will  perhaps  be  best  understood  if  the  general 
features  of  this  southern  part  of  the  range  are  first  briefly  set 
forth.  The  Blue  Bidge,  which  is  a  single  range  in  nortliern 
Virginia,  forks  a  few  miles  southwest  of  Lynchburg ;  and  the 
two  ranges  thus  formed  gradually  separate,  to  the  southwest- 
ward,  until,  in  middle  and  southern  North  Carolina,  they  are 
from  sixty  to  seventy  miles  apart  The  main  strikes  are  S. 
45®-65°  W. ;  and,  in  the  eastern  range,  which  is  the  main 
watershed,  these  continue  through  Georgia  into  Alabama; 
but  the  western  range,  almost  from  the  very  point  where  it  en- 
ters Gteorgia,  bears  more  to  the  southward,  the  strikes  being 
mostly  aoout  S.  5°-15°  W.,  and  rapidly  approaches  the  eastern. 
This  western  range,  as  such,  terminates  before  reaching  the 
£towah  Biver;  but  the  disturbances  consequent  upon  the 
crowding  of  folds  have  been  felt  far  to  the  southward  and 
eastward,  as  we  have  seen. 

After  crossing  the  Shallow  Ford  of  the  Chattahoochee,  we 
find  more  nearly  the  normal  dips  of  this  side  of  the  anticlinal, 
in  a  heavy  outcrop  of  thin-beaded  gneisses,  which  dip  30°,  N. 
62®  W.,  and  in  the  overlying  aunferous  hydromica   schists. 
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banded  with  thin  layers  of  quartz  and  horablendic  gneiss.  As 
weapproach  the  synclinal,  disturbed  dips  again  appear.  We  here 
reuch  nearly  the  horizon  of  the  oiarble,  but  pass  the  syucItDU 
axis  without  its  appearance,  about  a  mile  west  of  the  Chestatee 
River,  which  we  cross  near  Bobbiiia's  mill.  Dips  of  S.  25°— 10* 
E.,  in  gneisses  and  achiata,  continue  unti!  we  have  passed  Cross- 
ville,  Smithville  and  Barretsville,  and  have  crosBed  the  Etowah 
at  Leadbetter's  Ford.  Somewhere  in  this  space  the  marble 
must  occur;  but  it  was  not  seen  in  passing  along  the  road 
About   twelve   miles  south  of  Jasper,  we  reach   the  line  of 

Srobably  the  greatest  crowding  of  folds  and  disturbance  of 
ipa.  jor  the  next  four  miles  northward,  the  rocks  are  mainly 
hydro  mica  schists  and  gneisses,  with  quartz  and  granite  veina 
Within  this  space,  the  following  snccession  of  dips  was  noted: 
N.  SS'^-TO"  E.;  N.  20='-80°  W. ;  B.  20°-70^  K;  S.  35°  W.; 
S.  60°  E,  From  this  latter  point  we  find  more  regular  soutli- 
east  dips  (S.  50°-86''  E)  to  beyond  Jasper,  Pickens  County. 
As  we  approach  the  crossing  of  Long  Swamp,  at  Tate's,  about 
five  miles  south  of  Jasper,  we  see  by  the  roadside  a  cliff  of 
whiteand  gray  granular  marble,  partly  quite  pure,  partly  quartz- 
ose,  dipping  32',  S.  62"  E.  Considerable  quantities  of  ibe 
purer  beds  have  been  quarried  near  here,  and  at  other  poiats 
along  the  Swamp  to  above  Jasper.  From  quarries  now  worked 
about  a  mile  east  of  the  town,  I  liave  seen  specimens  as  pure 
and  fine-grained  as  the  b&it  statuary  marble,  but  am  not  id- 
formed  as  to  the  amount  of  such  rock.  This  is  probably  the 
direct  southern  continuation  of  one  of  the  Knox  marble  out- 
crops, which  pass  south  of  Murphy.  The  Knox  shale  appears 
to  nave  been  locally  wanting,  since  heavy-bedded  gneisses. 
which  we  must  refer  to  the  underlying  sandstODes.  show  con- 
siderable thickness  along  the  western  border  of  the  Swamp; 
but  fine-grained  mica  slates  occur  near  this  horizon,  from  two 
to  four  miles  north  of  Jasper.  Hence  to  Duckstown,  we  fol- 
low nearly  the  general  line  of  strike,  and  pass  over  pretty 
continuous  lines  of  gneisses  and  schists,  with  variable  south- 
easterly and  northeasterly  dips.  The  marble  outcrops  are 
known,  at  short  intervals,  along  to  the  right  of  the  road  and 
at  gradually  increasing  distances  from  it  At  Tolono  Creek 
we  cross  what  may  be  the  continuation  of  the  Valley  Hiver 
belt  The  copper  is  on  the  left  of  the  road,  but  has  not  been 
exploited,  I  believe,  at  any  point  south  of  the  Mobile  Mine, 
in  Fannin  County,  five  miles  from  Ducktown,  where  there  were 
extensive  works  before  the  war,  which  are  now  in  ruins. 

To  the  southwestward,  the  copper- bearing  strata  appear,  in 
Harraldson,  Paulding  and  Carroll  Counties,  with  nearly  the 
regular  northeast  strike,  but  apparently  broken  up  by  faults, 
80  as  to  show  ttree  ttp'ptoi\'mBi.'ui\3  -^-KiSv.^  \Mi.«a  (it  -aitcrop. 


F,  B.  Bradley — Silurian  age  of  the  Southern  Appalachians.     881 

without  intervening  folds.  These  have  not  been  traced  so 
doaely  through  the  intervening  country  that  I  can  feel  certain 
which,  if  either,  is  the  exact  equivalent  of  the  Ducktown  line. 
The  more  northern  line  passes  through  the  Waldrope  Mine,  in 
lot  932  of  the  third  district  of  Harraldston  County,  where  a 
good  ore-body,  from  eight  to  fourteen  feet  thick,  has  been  ex- 
posed in  a  shaft  about  sixty  feet  deep.  The  dip  is  here  about 
46°,  S.  56°  E.  Near  the  Gamble  shaft,  on  lot  861,  a  heavy  bed 
of  compact  red  hematite  runs  parallel  with  the  copper,  and  bat 
a  few  K)ds  from  it  The  second  belt  passes  close  to  Drake- 
town,  Paulding  County,  where  the  McClarty  shaft,  106  feet 
deep,  showed  from  twelve  to  eighteen  feet  of  not  very  rich  ore. 
The  dip  is  here  about  80°,  S.  47°  E.  The  third  belt  passes 
about  a  mile  north  of  Villa  Bica,  Carroll  County,  where  several 
small  shafts  have  been  STink,  along  the  outcrop,  and  have 
shown,  according  to  reports,  from  three  to  thirteen  feet  of  ore, 
partly  poor,  partly  rich.  Near  the  eastern  termination  of  the 
recognized  outcrop  of  "copper  gossan,  "  large  numbers  of  pol- 
arized fragments  of  magnetite  are  scattered  over  the  surface ; 
and  these  increase  in  size  and  number  as  we  pass  eastward ; 
but  the  bed  has  not  been  traced  far  beyond  the  point  where 
signs  of  copper  disappear.  This  deposit  is  an  interesting  one 
as  a  continuation  in  oxyds  of  a  belt  of  sulphides  farther  west 
The  iron  looks  rather  like  a  titaniferous  ore,  but  has  not  been 
analyzed.  While  these  three  belts  show  but  slight  lithological 
variations,  the  strata  being  mainly  hydromica  and  talcose 
schists,  with  occasional  belts  of  hombfendic  gneiss,  and  are 
therefore  probably  referable  to  one  series  broken  by  two  faults, 
they  may  represent  two  or  even  three  horizons. 

At  Villa  Bica,  we  reach  a  synclinal  fold;  and  the  copper- 
gossan  appears  on  its  southeastern  side,  with  northwestern  dip, 
a  short  distance  to  the  southeast  in  Douglass  County.  This  is 
probably  the  belt  on  which  a  little  work  nas  recently  been  done 
at  several  points  near  Carrollton,  while,  still  farther  west. 
Wood's  Mine,  in  the  edge  of  Alabama,  has,  for  about  a  year, 
been  yielding  large  amounts  of  rich  ore.  Along  the  axis  of 
this  synclinal,  for  a  width  of  between  one  and  two  miles,  we 
find  a  belt  of  hydromica  schists,  with  several  quartz  bands, 
both  thick  and  thin,  carrying  considerable  gold.  This  has 
been  mined  at  several  points ;  and  several  millions  are  known 
to  have  been  coined  from  this  immediate  neighborhood,  mostly 
washed  from  the  stream  rubbish  and  decayed  outcrops,  but 
partly  obtained  by  stamping  the  vein-stuflF,  Gold-oearing 
strata  have  been  recognized  near  each  of  the  two  more  northern 
belts  of  copper;  but  little  work  has  been  done  upon  them« 
The  gold-bearing  schists  o{  Bonner's  Mine,  e\g\i\.  lau^^  i^ovxXJii- 
east  of  Carrollton,  have  more  of  the  appearance  oi  \!tie\iA^^x 
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strata  of  the  upper  Chattahoochee  waters,  and  probably  ar? 
their  continufitioii,  though  the  marble  belt,  which  is  the  only 
horizon  thus  fur  certainly  recognizable,  has  not  yet  been  re- 
ported from  this  region,  nor,  indeed,  from  any  point  west  of 
Atlanta.  Dr.  Stephenson  reports  that  it  passes  about  ten 
miles  north  of  thai  city. 

The  evidence  is  certainly  very  strong  that  ail  the  strata  of  the 
region  thus  reconnoitred  are  of  Silurian  age.  The  only  excep- 
tion thus  far  suggested  is  that  of  an  area  east  of  Marietta,  Cobb 
County,  Ga.,  where  Dr.  Little  reports  the  surface  covered  with 
masses  of  partly  decomposed  massive  granite,  over  an  area  two 
or  three  miles  in  diameter.  This  vtny  be  Arehaean ;  and 
there  may  be  other  similar  islumls  within  the  area  indicated 
but  I  have  not  yet  seen  or  heard  of  any.  Tuoraey'a  reports 
upon  Alabama  indicate  that  the  metamorphic  strata  of  that 
State  are  uf  the  same  character  and  age  as  tneir  continuations 
in  (Jeorgia. 

To  the  northeastward  of  the  region  visited,  we  have  as  yet 
DOthing  definite.  Emmons  stiys,  however  (1.  c.  p.  31),  that 
"  the  prevailing  dip  of  the  rocks  of  the  Blue  Ridge  is  south- 
east When,  however,  we  have  passed  from  the  pyrocrystalline 
rocks  to  the  Tac-onic  system,  the  dips  are  changed,  first  » 
southeast  and  finiilly  tn  Tmrthwest,  wliidi  is  the  prevailing  dip." 
In  view  of  tlje  liirtis  ol),s(.'rvi;d  upon  tha  sjime  belts  in  Georgia, 
and  herein  recorded,  it  seems  fair  to  suggest  that,  in  North 
Carolina  also,  the  Blue  Bidg^e  is  probably  simply  a  synclinal, 
with  local  irregularities  of  dip  along  the  axis;  and  that  the 
"pyrocrystalline  rocks,"  as  well  as  the  "Taconic,"  are  probably 
all  Silurian,  instead  of  being  "  Azoic  "  or  "  Laurentian." 

The  question  natui-ally  presents  itself:  Wftrn  occurifl  the 
uplift  and  metamorphism  of  all  this  region?  We  have  as  yet  no 
direct  evidence — as  that  of  newer  horizontal  beds  lying  ijncon- 
formably  upon  the  edges  of  these  strata — but  the  indirect  evi- 
dence is  strong.  Aside  from  the  beds  recognized  as  genuine 
Archfean,  none  give  signs  of  any  disturbance  prior  to  the  dal-e 
of  the  general  upheaval  which  affected  the  entire  series,  to  the 
top  of  the  Coal-measures.  Both  the  disturbances  and  the  meta- 
morphism, from  the  Cumberland  Mountains  to  the  eastern 
range  of  the  Blue  Ridge,  at  least  in  this  lower  portion  of 
their  extent,  appear  to  belong  solely  to  one  system  and  time. 
Further,  so  far  southeast  as  the  foot  of  Chilhowee  Mountain, 
we  find  Subcarboniferous  strata,  in  regular  position,  involved 
in  the  disturbance;  and  there  seems  to  me  to  be  every  reason 
for  believing  that  the  Coal-measures  also  once  covered  the  entire 
region.  The  entire  disturbance  must  then  be  consideral  jioit- 
Oarboni/erous,  and  \s  doublVesa  tefetable  to  the  close  of  tbe 
P«Ioozoic. 
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Although  the  Smoky  Mountains  are  as  high  as  the  Blue 
Ridge  proper,  and  yet  give  passage  to  streams  from  the  latter 
range,  it  is  not  necessary  to  infer  the  earlier  elevation  of  the 
Blue  Bidge,  as  Willcox  has  recently  done  (Proc.  Phi  lad.  Acad., 
1874,  p.  1B5),  for  the  more  thorough  metamorphism  of  the 
eastern  range  is  sufficient  to  account  for  its  greater  resistance 
to  erosion  during  the  earlier  ages.  On  this  subject  of  erosion, 
I  hope  to  speak  further,  at  another  time. 

I  must  here  express  my  acknowledgments  for  local  information  furnished  me 
by  Prof.  E.  B.  Olmsted,  of  Murphy,  Mr.  J.  Mack  Whittaker,  of  Valleytown,  Dr. 
Josiah  Curtis,  now  of  Washington,  D.  C,  Messrs.  J.  R.  Dean  and  B.  B.  Asbury, 
of  White  County,  GkL,  Dr.  M.  F.  Stephenson,  of  Gainesville,  R.  J.  Gkiines,  of  Car- 
roUton,  Dr.  Qeorge  Little,  State  Geologist  of  Georgia,  and  Mr.  W.  L.  Nicholson, 
Topographer  of  the  Post  Office  Department,  Washington,  D.  C. 

Knoxville,  Tenn.,  March  27th,  1876. 


Art.  XLL — Brief  Contributions  from  the  Physical  Laboratory  of 
Harvard  College,  No.  15. — 'Jn  the  construction  of  Oaugain^s 
Oaivanometer ;  by  John  Trowbridge. 

In  this  instrument  the  law  of  the  proportionality  of  the 
strengths  of  the  electric  currents,  circulating  through  the 
coil  of  the  galvanometer,  to  the  tangents  of  the  deviations  of 
the  needle,  is  exact  when  the  distance  of  the  center  of  the  needle 
from  the  center  of  the  coil  is  equal  to  one-half  the  radius  of  the 
coil.  The  theoretical  demonstration  by  Bravais  of  the  truth  of 
this  law  of  the  galvanometer  leads  to  the  expression 

in  which  z=strength  of  current. 

T= horizontal  intensity  of  the  earth's  magnetisna. 

R=radius  of  coil  or  circular  wire. 

/=  length  of  needle. 

D= distance  from  center  of  needle  to  center  of  coil. 

<y=deviation  of  needle. 

R 

We  see  from  eq.  (1)  that  when  (R»-4D»)=0,  or  D=— ,  that 

the  terms  in  the  parenthesis  are  of  the  order  |  —  |  and  when—  is 

small  these  can  be  neglected. 

In  constructing  the  galvanometer  the  serious  question  arises : 
how  much  will  a  small  error  in  the  measuremeut  of  "D  ^xA 
of  R  affect  the  law?  and  which  will  have  l\i^  greaXjet  ^S^^V 
an  error  in  the  measurement  of  R  or  in  that  o?  T>*1 


Let  MS  Suisse  at  first  tbat  R  and  D   have  been   measared 

correctly.     We  shall  then  have 

t=    -  ^^  {P+R'+D^}^  tanrf,  in  which  D=  ?. 

Suppose  now  that,  while  R  remains  constant  D   differs  from 
its  true  value  by  trD,  iu  which  « is  a  very  small  quantity.     We  i 
shall  then  have,  neglecting  small  quantities  in  Eq.  1  :  . 

in  denoting  the  decrement  of  tlie  angle  of  the  needle  Tiie 
difference  in  value  of  these  two  expressions  for  the  strength  ui 
a  current  \a 

»-ii=^-5((?+B'+D")»tand-(/'+R'+(D+aD)')»tan(tf-m.) 

Suppose  now  that  D  remains  constant  or  R  varies   from  its 
true  value  by  the  small  quantity  pit,  in  order  to  produce  tlie  | 
same  decrement  as  in  the  angle ;  we  shall  have 

.  _T(f +  D'+(R+/iR)')'  tan(tf-m.) 
'     2t(K  +  /JR}» 
._  ,  ^  T  r(f*  +  R'+D')'t.-inr?  _  (/'+D'+(R+/«{)»)»tag(rf-in) 

The  diSerence  in  the  values  of  the  strengths  of  the  currents 
are  indicated  by  the  final  terms  in  the  values  of  i— i,  and  i-i, 
which  are 

tf»+Ita+D»  (i+„)»)nan  (rf-m) 
R' 
(/"+D»+RMl  +  /0')»tan(rf-m) 

*"^ n^{i+W^ 

Since  D  =  —  we  have  by  developing  and  neglecting  the  squares 
of  a  and  A 

(^'+rR'+-I-)'     and     h+l-n^+20R'y 


R'  R*{l+P)' 

Neglecting  «■  and  0  when  they  are  additive  to  a  large  whole 
number,  the  differences  in  the  strengths  of  the  currents  will  be 

expressed  by  the  terms    r~^  and  by    -ps— i  <*  is  smaller  from 
the  nature  of  the  case  than  p.     Hence 
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Therefore  an  error  in  the  measurement  of  B  will  not  affect 
the  law  of  the  galvanometer  so  much  as  one  in  the  measure- 
ment of  D. 

In  order  to  obtain  an  idea  of  the  m^nitude  of  errors  result- 
ing from  changes  in  the  value  of  D,  I  arranged  a  galva- 
nometer so  that  the  coil,  consisting  in  this  case  of  a  circle  of 
thick  brass  wire,  the  resistance  of  which  could  be  neglected, 
could  be  moved  away  from  its  true  position,  after  the  manner 
of  Wiedeman's  galvanometer.  The  value  of  B  was  12  cm.  and 
that  of  D  6  cm. 

Value  ol  D+X  Yalne  of  6, 
6  20^ 

1  19 

8  18 

8-6  17-5 

0  16-5 

A  variation  of  1  cm.  produced  a  change  in  the  deviation  of 
the  magnetic  needle  of  1®.  (The  galvanometer  needle  was  25 
mnL  long  and  was  suspended  by  a  single  fiber  of  silk.) 

The  apparatus  was  also  so  arranged  that  the  radius  of  the  cir- 
cle of  brass  could  be  changed,  whue  D  remained  constant  It 
was  found  that  the  changes  in  the  indications  of  the  needle 
were  inappreciable  until  the  increase  of  the  radius  was  5  mm. 
when  the  increase  amounted  to  1  cm., — a  variation  of  half  a  de- 
cree was  produced  in  the  indication  of  the  needle.  The  increase 
in  resistance  of  the  circuit  was  inappreciabla  An  error,  there- 
fore, of  five  millimeters  in  the  determination  of  the  radius  of 
the  coil  was  inappreciable,  while  the  same  error  in  the  meas- 
urement of  the  distance  of  the  needle  from  the  center  of  the 
coil  resulted  in,  comparatively,  a  larger  error.  In  approaching 
the  subject  from  another  point  of  view,  it  can  be  proved*  that 
the  expression  for  the  attraction  of  a  single  circular  current  on 
a  point  situated  on  the  line  passing  through  the  center  of  the 
coil  and  perpendicular  to  its  plane  is 

X=2;rkj -.—  +  --- [ 

in  which  A  is  a  constant  depending  on  the  strength  of  the  cur- 
rent, a  is  distance  of  point  from  center  of  coil,  and  r  is  the  ra- 
dius of  the  coil.  By  inspection  it  will  be  perceived  that  a  small 
variation  in  the  value  of  a  will  affect  the  value  of  X  more  than 
a  similar  slight  variation  in  the  value  of  r. 

*  James  Stuart,  U.  A.,  PM.  Mag.,  46,  1873,  p.  231. 
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No.  16, —  Upon  the  induced  current*  produced  by  the  applicatm 
of  armalurcs  to  Horsc/ioe  magnets  and  a  new  form  of  JJagndo- 
ekclric  Engine ;  by  W.  R.  M0H3E. 

The  apparatus  consisted  of  cylindrical  horseshoe  eiectio- 
majjnets,  the  wires  of  which  were  wound  about  the  iron  cores 
at  tne  bend  of  tiie  iron,  so  as  to  form  practically  straight  electro- 
magnets with  cores  horseshoe  in  form.  Upon  one  of  the  \m\& 
of  the  horseshoe  core  a  coil  of  fine  wire  was  slipi)ed  ao  that 
the  plane  of  its  coils  was  at  right  angles  to  those  of  the  electro- 
magnet. In  fig.  1,  A  represents  the 
coil  of  the  electro-magnet;  B  that 
of  the  induction  coil.  Upon  excit- 
ing the  electni-magnet  induction 
currents  arose  in  the  coil  of  Sne 
wire  B  both  at  making  and  breaking 
till!  circuit.  These  currents  were 
measured  bj  a  reflecting  galvanom- 
eter placed  m  the  circuit  of  the  coil 
B ;  and  were  compared  with  those 
obtained  from  thesameelectm-magnetby  placing  a  straight  arma- 
ture C  D  iipoii  it.-;  poles  and  then  exciting'  Ihe  elci.'tri>-magi)t.'t. 
The  followmg  table  shows  the  results  obtained.  Only  the  cur- 
rents resulting  from  making  the  circuit  are  recorded,  those  pro- 
ceeding from  the  breaking  of  the  circuit  being  the  same  in 
value.  The  readings  are  expressed  in  the  divisions  of  the  siale 
of  the  reflecting  galvanometer. 


These  results  show  that  a  marked  increase  (in  these  experi- 
ments, nearly  twenty-live  per  cent)  in  the  strength  of  the  induc- 
tion currents  r&sults  from  the  application  of  an  armature  to  the 
poles  of  the  electro-inagnet.  The  thin!  and  fourth  columns  of 
the  table  show  that  after  the  removal  of  the  armature,  the  first 
induced  current  which  results  from  again  making  the  current 
in  the  electro- magnet  shows  the  same  increased  effect :  but 
that  the  following  current  resulting  from  breaking  the  cir- 
cuit of  the  electro-m^net  falls  to  its  noi-mal  amount.  This 
result  is  noteworthy,  for  it  shows  a  certain  molecular  change 
in  the  iron  which  results  from  the  application  of  the  armature. 

Although  we  can  U^ua  mcTeaae  iWe  alve^^h  of  the  induction 
curreDts  produced  m  co\\s  aVi^V^^  MV^ti  'Ovift\vai>»  <iS.  ■Ka.-Sv'ais^ 
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magnet,  we  diminish  the  lifting  power  of  these  individual  lim- 
its by  the  employment  of  an  armature,  as  the  following  results 
show  : 

Weight  lifted  wlthoat  armfttare.  Weigbt  lifted  with  urmatore  on. 

249  160 

300  180 

In  the  preceding  experiments  the  straight  iron  bars  forming 
the  armatures  were  carefully  deprived  of  whatever  residual 
magnetism  they  might  possess. 

Experiments  were  next  tried  upon  the  effect  of  horseshoe 
electro-magnets  used  as  armatures  to  electro-magnets  of  the 
same  character  as  those  employed  in  the  preceding  experiments. 
When  two  north  or  two  south  poles  were  opposed  to  each  other, 
and  the  magnetic  circuit,  so  to  speak,  of  the  two  horseshoe- 
shaped  cores  was  closed,  very  feeble  indications  were  shown  by 
the  galvanometer.  When,  however,  a  north  and  a  south  pole 
were  opposed,  and  the  magnetic  circuit  closed,  the  strength  of 
the  currents  obtained  both  on  the  application  and  the  removal  of 
the  armature  were  very  marked,  as  the  following  results  show : 

At  contact  of  N.  and  8.  polee.  On  removal  of  N.  and  8.  poles. 

+360  —369 

+362  -360 

-4-361  -361 

When  the  horseshoe  magnet  forming  the  armature  was  not 
used,  and  one  of  the  limbs  of  the  stationary  electro-magnet 
was  quickly  slipped  in  and  out  of  the  induction  coil,  induction 
currents  were  obtained,  the  values  of  which  are  shown  below : 

Placed  In.  Withdrawn. 

+40  -40 

- -40  -  40 

--40  —40 

In  these  experiments  the  stationary  electro-magnet  and  the 
electro-magnetic  armature  were  of  the  same  size  and  the  same 
magnetic  strength. 

Experiments  were  next  made  upon  the  influence  of  the  mass 
of  the  iron  forming  the  armature.  This  was  found  not  to  have 
so  much  influence  as  the  residual  magnetism  of  the  iron.  The 
results  were  very  contradictory,  as  the  following  table  shows : 

Weli^t  of  armature.  Deflection  prodaced. 

364  grams.  280 

341  330 

222  290 

137  280 

132  290 

67  310 

We  are  led  to  believe  that  the  mass  of  the  iroiv  does*  \io\» 
affect  the  results  wbea  it  exceeds  that  oi  ttie  »\A\i\OTiax^  ^e^iXxo- 
magnet 
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The  induction  currents  resulting  even  from  the  employ- 
ment of  Btrftight  soft  iron  armatures  which  had  been  care- 
fully deprived  of  residual  magnetism  are  thus  seen  to  be  mora 
than  four  times  as  atronff  as  those  obtained  by  merely  slipping 
the  induction  coil  ou  ana  off  the  limits  of  the  electro-magnet; 
which  ia,  practically,  the  method  adopted  in  many  later  forms 
of  the  magneto- electric  engine,  particularly  iu  that  of  the 
Qramm  machine,  in  which  different  portions  of  a  ring-shaped 
electro -magnet  revolve  toward  and  away  from  the  poles  of  a 
horseshoe  magnet.  When  electro-magnetic  armatures  are  used 
the  effects  far  surpass  those  obtained  by  non-tnagnetic  soft  iron 
straight  armatures,  as  the  preceding  results  show. 

Professor  Trowbridge  suggests  a  miignetn -electric  engine  of 
the  following  construction.     The  horseshoe  armature  is  made 
to  revolve  about  the  line  SX  as  an  axis.     Bv  the  precedingex- 
3  penments  it  has  been 

found  that  when  a 
north  and  a  south  pole 
are  opposed  the  induc- 
tion currents  flowiug 
through  B  and  A'  are 
in  the  same  direction 
!Uid  tlinse  through  B' 


][ 


-][ 


one  direction.  By  a  suitable  commutator  the  currents  circu- 
lating through  the  coils  on  the  stationary  magnet  can  be  sent 
through  those  on  the  armature,  and  vice  versa.  The  residual 
magnetism  iu  soft  iron  is  sufficient  to  start  the  induced  currenls. 
Instead  of  one  stationary  electro -mag  net  it  would  probablv  he 
better  to  employ  a  number  arranged  about  the  axis  XX.  With 
projecting  pieces  of  soft  iron  arranged  upon  the  poles  of  the 
stationary  magnets,  the  size  of  the  horseshoe  armature  could 
be  regulated  to  suit  the  varying  conditions  of  speed. 

Experiments  are  now  being  made  on  this  form  of  engine. 


Art.  XLII. — Remarks  on  the  Observations  of  the  late  Transit  of 
Venus;  by  SiMON  NeWCOMB. 

Reports  more  or  less  detailed  having  been  received  from  all 
the  parties  engaged  in  observing  the  late  Transit  of  Venus,  we 
are  iu  a  position  to  form  at  least  a  rough  estimate  of  the 
measure  of  success  which  has  been  attained.  This  astimate 
can,  however,  at  present,  only  be  preliminary,  because  the 
accuracy  of  the  indivii\via\  Q\jBeY\a.\.\oT\a  a.ui  methods  cannot  be 
assured  except  by  a  ct\t\cai  eiftnivtia.\ivQ\i.,i^iBfiviaKV'a-a^^KiSi.'«sBi.- 
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parison  of  the  observations,  a  work  which  will  necessarily  re- 
quire much  time  for  its  accomplishment 

Among  the  causes  which  affected  the  prosecution  of  the 
observations,  the  weather  occupies  the  most  prominent  place. 
The  most  striking  feature  of  the  weather  at  the  late  transit,  so 
fiir  as  concerns  the  American  stations,  is  the  impartiality  with 
which  clouds  have  been  distributed  among  the  several  stations. 
Notwithstanding  that  the  utmost  pains  were  taken  to  choose 
positions  where  the  weather  record  for  November  and  Decem- 
ber was  good,  the  prosecution  of  the  observations  was  more  or 
less  interfered  with  by  clouds  at  every  one  of  the  eight  sta- 
tions. On  the  other  hand,  there  was  not  a  station  at  which  the 
operations  totally  foiled.  At  the  most  unfortunate  one,  Chatham 
Island,  six  or  eight  photographs  of  the  sun  with  Venus  on  its 
disc  were  secured.  At  two  stations,  Hobarttown  and  Chatham 
Island,  no  contacts  at  all  were  observed.  The  number  of  g<^od 
photographs  of  the  sun  with  Venus  completely  entered  upon  its 
disc  is  approximately  as  follows : 

Northern  Stations. 

Wladivostok,  Siberia, %. 13 

Pekin,  China, 90 

Nagasaki,  Japan, 60 

Total, ^ .• 163 

Southern  Stations. 

Kerguelen  Island, 26 

Hobarttown,  Tasmania, 39 

C^ampbelltown,  Tasmania, 56 

Queenstown,  New  Zealand,  69 

Chatham  Island, 8 

Total, ...187 

While  the  small  number  of  these  photographs  is  extremely 
disappointing,  their  distribution  among  so  many  stations  is  a 
great  advantage,  through  the  facilities  thus  aflforded  for  detect- 
ing and  eliminating  any  constant  error  peculiar  to  any  particu- 
lar station. 

Besides  the  photographs  here  enumerated,  a  number  of  pho- 
tographs of  the  indentation  made  by  the  planet  while  entering 
upon  the  limb  of  the  sun  were  obtained  at  some  stations. 

Contact  observations  were  obtained  at  the  American  stations 
as  follows : 

First  External  Contact, 

Northern  stations:  Wladivostok,  Pekin,  Nagasaki.  ? 
Southern  stations :  Kerguelen,  Queenstown. 
The  difference  of  time  between  the  mean  ot  \Xie  TvoT\)aeni  ^\aw- 
^one  and  Keigaelen,   due  to  parallax,  la  t\i\r\ft«ti  mvKViXft^ 


Compared  with  Queenstown,  the  difference  is  only  four  minates. 
Allowing  a  probable  error  of  eight  seconds  in  the  comparison 
of  these  observations,  they  would  alone  give  a  value  of  the 
Bolar  parallax  with  the  probable  error  0"'090. 

I^rst  Internal  Contact. 

This  was  observed  at  the  tliree  northern  stations,  but  only  at 
QueeoHtown  in  the  eoiith.  The  American  observatione  alone 
will  therefore  give  us  no  reaiilt  entitled  to  weight  The  southern 
region  Ibr  the  observation  of  this  contact  is  that  extending  from 
Kergdelen  Land  to  Mauritius  and  Rodriguez,  and  here  very 
little  success  was  met  with  by  the  parties  of  any  nation  in  the 
observation  in  auestion.  It  may,  however,  have  been  sucees- 
fully  observed  by  the  English  at  Rodriguez,  and  by  the  Ger- 
mans at  Kerguelen,  from  neither  of  whom  the  writer  has  seen 
definite  statements  on  this  point  On  the  other  baud,  it  waa 
succesafullv  observed  by  the  English  parties  at  the  Sandwich 
laliiiids,  wtose  observations  will  be  available  for  combiuati(ffi 
with  those  of  Dr.  Peters  at  Quecnatown,  and  of  other  observers 
in  Australia,  even  if  no  observations  were  made  at  Kerguelen 
and  Rodriguez, 

Second  Internal  Cimtact. 

This  wiis  iilso  observed  nt  all  three  northern  American  sta- 
tions, but  at  only  a  sitiL-'le  southern  one.  namely.  Campbell- 
town.  The  mean  difference  of  time  due  to  parallax  is  Jifteeo 
minutes.  The  favorable  southern  region  for  the  observation  of 
this  contact  was  Australia,  and  the  islands  east  and  south  of  it, 
and  the  weather  was  exceptionally  unfavorable  in  most  of  this 
region.  Some  success  was  obtained  at  and  near  Melbourne, 
and  the  German  expedition  in  the  Auckland  Islands  was  also 
successful,  hut  the  English  and  French  expeditions  nearly  all 
failed  in  this  important  observation. 

Second  External  Contact. 

This  was  observed  at  only  a  single  one  of  the  eight  American 
stations.  Pekin.     It  is,  however,  the  least  fitted  of  the  four  con- 


rate  ly  o 
i  to  be 


3  regretted, 
:hat  the  opt 
made  by  tiie  observers  of  all  nations  will,  by  their  combination, 


It  is  my  opinion  that  the  optical  observations  of  contacts 
y  the  observers  of  all  nations  will,  by  tl 
give  a  value  of  the  solar  parallax  of  which  the  probable  error 


will  lie  between  0"D2  and  0"'03.  I  also  think  that  the  Ameri- 
can photographs  aloue  will  give  a  result  at  least  as  accurate  as 
this,  and  probably  more  so.  A  large  remaining  mass  of  ma- 
terial will  be  the  heliometer  measures  made  by  the  Germans 
and  Russians  as  "weU  oa  liOtd  lA-ailA^-^ ,  \i\tiou3  oijtical  measure- 
ments made  near  t\ie  momeiite  o4  ■\ii\ftrasiX.  «i^\»ESa,  «^i.  i^wa- 
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graphs  in  which  Venus  was  partly  on  the  sun.  The  combina- 
tion of  all  these  may  be  expected  to  give  a  result  of  equal 
weight  with  either  of  those  already  mentioned.  I  think,  there- 
fore, that  we  may  look  forward  with  considerable  certainty  to 
seeing  the  probable  error  from  the  combination  of  all  the  obser- 
vations less  than  C'02,  and,  perhaps,  not  much  more  than 
C'Ol.  At  the  same  time,  it  is  not  to  be  disguised  that  there  is 
a  possibility  of  unforeseen  perturbing  causes  being  brought  to 
light  by  a  comparison  of  all  the  observations,  which  will  upset 
all  our  a  prion  estimates  of  probable  error. 


SCIENTIFIC    INTELLIGENCE. 

L  Chemistky  and  Physics. 

1.  On  the  Occurrence  of  Diphenyl  in  Coal  Tar, — Fittig  com- 
municates  the  results  of  an  investigation  made  in  the  Tubingen 
laboratory  by  Buchner,  upon  a  liquid  hydrocarbon  oil  obtained 
as  a  by-product  in  the  manufacture  of  anthracene.  The  portions 
of  this  especially  examined  were  the  less  thoroughly  known  frac- 
tions boiling  between  170®  and  200° — i.  e.,  between  trimethyl ben- 
zol and  naphthalin — and  between  2*20°  and  270® — or  between 
naphthalin  and  acenaphtene.  The  first  fraction  by  repeated  dis- 
tillation was  almost  entirely  resolved  into  products  boiling  below 
170°  and  others  boiling  above  200°;  whence  the  conclusion  that 
coal  tar  contains  no  considerable  quantity  of  a  hydrocarbon  boil- 
ing between  these  limits.  The  second  fraction  gave  a  more  satis- 
factory result.  After  several  fractionings  of  five  degrees,  the  por- 
tions distilling  over  between  242°  and  263°  solidified  on  coohug. 
By  cooling  these  fractions  considerably  and  subjecting  them  to 
pressure,  a  white  crystalline  mass  was  obtained,  which  remained 
solid  at  ordinary  temperatures,  and  distilled  completely  between 
246®  and  250°.  Afler  two  rccrystallizations  from  alcohol,  the 
hydrocarbon  melted  at  70®-71°,  and  exhibited  all  the  properties 
of  diphenyL — Ber.  Berl.  Chem,  Ges,,  viii,  22,  January,  1876. 

G.    F.    B. 

2.  Explosiveness  of  methyl  nitrate, — Methyl  nitrate  was  discov- 
ered by  Dumas  and  Peligot  in  1836.  In  1862,  Carey  Lea*  showed 
that  it  could  advantageously  replace  methyl  iodide  in  most  chemi- 
cal reactions,  especially  in  the  preparation  of  the  methyl  bases. 
In  1864,  as  a  consequence  of  this  observation,  Hugo  Ldwenstein 
applied  it  in  the  manufacture  of  the  violets  derived  from  rosaniline 
by  substitution;  and  it  has  since  come  so  extensivelv  into  use  as 
almost  to  displace  methyl  iodide  from  the  market,  llie  most  seri- 
ous objection  to  its  use  is  its  explosiveness ;  a  fact  first  pointed  out 
by  its  discoverers,  and  since,  unfortunately,  realized  on  a  Is^rge 
scale  in  the  case  of  the  death  of  the  talented  ^owii^  c\i^m\sX^^/v:, 

•TidB  Jounud,  U,  zzziii,  86,  221, 1B«2. 
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Chapman,  and  in  the  raore  recent  disaatTooB  exploBione  bsth  is 
Germany  and  France.  Gibard,  emplojfing  it  largely  for  the  pro- 
duction of  colore,  has  made  some  cxpenmenls  with  it,  with  a  view 
to  obviate  tbb  difficulty.  Ue  fitidH,  for  example,  that  raethrl 
nitrate,  like  nitro-glycenn,  detonates  by  a  blow;  a  drop  on  blot- 
ting paper  prodacing,  when  placed  on  an  anvil  and  Btruck  with  & 
hammer,  an  explosion  quite  as  violent  as  nitro-glycerin.  When 
mixed  with  pulverulent  or  porous  substances,  bucTi  as  precipitated 
silica  or  infusorial  earth,  it  yields  dynamites  fully  as  efibctive  as 
tho^e  made  with  nitro-glycerin.  By  admixture  with  other  liquids, 
howcviT,  such  as  methyl,  ethyl,  or  amyl  alcohol,  acetone,  beniol 
or  toluol,  Girard  finds  that  it  is  no  longer  explosive.  One  pari  of 
methyl  nitrate  diluted  with  two  or  three  parts  of  either  of  the 
liqaids  above  name<],  does  not  explode  either  on  heating  its  vapor, 
or  by  a  blow.  In  anch  solutions,  therefore,  it  is  beat  kept  for  use 
— Bvil.  Soc.  Ch.,  II,  xxiii,  03,  Jau,,  1875.  o.  f.  b. 

3.  On  Pure  Dextrin,  prepared  from  J/alt. — Bondonneau  de- 
scribes the  properties  of  dextrin  prepared  hy  the  fiction  of  diastase 
on  starch.  A  kilogram  of  dry  starch,  dimised  in  two  liters  of 
water,  was  treated  in  the  cold  with  an  extract  of  250  gram."  of 
bruised  malt  in  500  grams  of  water ;  the  whole  being  heated  on 
the  water  bath  to  "!&'  until  the  starch  had  disappeared.  The  liquid 
was  then  carried  to  boiling  to  destroy  the  diastase,  filtered  through 
animal  charcoal,  and  concentrated  to  82°— 33°  Baam4.  To  free  the 
dextrin  in  this  solution  from  the  glucose  (dextrose)  present,  il 
was  first  rtprt-cipitiitcd  live  or  sis  times  with  aU-obol,  then  treale^i 
with  a  copper  test  made  with  cupric  chloride  and  sodium  hydrate; 
this  latter  treatment  destroying  the  dextrose.  Aa  thus  obtained, 
the  dextrin  showed  no  coloration  with  iodine,  gave  only  feeble  in- 
dications with  the  copper  test  (equivalent  to  1-85  per  cent  dex- 
trose) reduced  gold  cnloride  and  ammonio-silver  nitrate,  gave  an 
abundant  |>recipitate  with  a  solution  of  barium  hydrate  and  with 
ammoniacal  lead  acetate,  but  none  with  lead  sub-acetate.  The 
dextrose  present,  the  author  believes  to  be  produced  by  small 
quantities  of  non-coagulable  albuminoids  present,  acting  as  fer- 
ments. By  care  and  rapidity  in  operating,  dextrin  may  be  ob- 
tained devoid  of  reducing  power.  '1  he  rotatory  power  of  the  dex- 
trin thus  obtained  is  aj^\l&°  to  the  right;  that  produced  by 
torrefaction  being  aj=z  183°. — Hull  Soc.  Ch.,  II,  xxdi,  98,  Feb., 
1875.  G.  F.  B. 

4.  On  the  Ideiititr/  of  Ziebennann's  (JceniUgnone  with  Heichen- 
bac/t'a  Cedriret. — Hofmann  has  continued  his  investigations  upon 
the  less  volatile  constituents  of  beech-wood  tar.  In  a  previous 
paper  he  had  shown  that  from  these  could  be  isolated  a  liqaid  boil- 
ing at  270°,  posBCBsing  a  phenol-like  character,  and  yielding,  when 
treated  with  potassium  dichromate,  the  beautifully  crystalliEcd 
substance  described  by  Liobermanii  under  the  name  of  eoerulig- 
Done,  and  also  a  magnificently  crj'Btallized  compound  in  long  r^- 
low  needles,  dissolving  in  sulphuric  acid  with  a  carmine-red  color. 
He  lias  now  been  abie  \>'j  le'^iAei  i"£Sla^A'iw.■ft^J,  im\4  ^ftair^Btalliaa- 
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tion  of  the  Bodiam  salt,  to  isolate  an  oil  boiling  at  286^,  which  on 
oxidation  is  entirely  converted  into  the  yellow  body,  and  which 
has  the  formula  C,  ,H,o03,  its  bromine  derivative  being  C^  ,Hj^ 
BrjOj.  The  yellow  compound  is  a  quinone-like  body,  having  the 
composition  CgH^O.  and  giving  on  reduction  a  hydro-compound 
CgU ,  0^49  crystallizing  in  white  needles.  Bromine  gives  a  substi- 
tution derivative  of  the  composition  CgHQBr^O^.  In  regard  to 
the  body  first  named,  to  which  Liebermann  has  given  the  name 
coerulignone,  Hofmann  concludes  that  it  is  identical  with  the  sub- 
stance long  ago  described  b^  Reichenbach*  under  the  name 
cedriret.  The  descirption  originally  given  of  it  is  quoted,  and  is 
full  and  complete.  That  a  body  possessed  of  properties  so  strik- 
ing should  have  remained  forgotten  for  thirty  years,  is  exceed- 
ingly remarkable.  In  a  note  immediately  following,  Liebermann 
himself  acknowledges  the  identity ;  though  he  was  at  first  inclined 
to  doubt  it,  owing  to  Reichenbach's  having  described  it  as  a  pre- 
cipitate of  fine  rm  needles,  and  having  obtained  it  from  wood  tar ; 
wnereas,  his  product  was  obtained  from  wood- vinegar  and  crystal- 
lized in  dark  steel-blue  or  violet  needles.  The  production  of  this 
body  by  Hofmann  from  an  oil  derived  from  wood  tar  and  evidently 
identical  with  Reichenbach's  product,  leaves  no  doubt  of  the 
identity. — Ber,  Berl.  Chem.  Oes.^  viii,  66,  69,  January,  1876. 

6.    F.    B. 

5.  On  a  new  Coloring  matter^  JSusin, — A  new  coloring  sub- 
stance, introduced  into  commerce  during  the  last  summer  under 
the  name  of  Eosin,  has  been  examined  by  Hofmann.  It  has  a 
beautiful  red  color,  recalling  that  of  rosaniline,  but  inclining  more 
to  samet-red.  The  name  eosin,  by  which  it  is  known  to  the  trade, 
unlike  most  similar  names,  is  rational,  being  derived  from  "Eoo^y 
the  red  of  the  morning  dawn.  It  appears  as  a  brownish-red  powder, 
showing  here  and  there  facets  with  metallic  luster.  It  is  soluble 
in  water  and  in  alcohol,  and  its  solutions  are  strongly  fluorescent. 
Upon  examination,  it  was  found  to  contain  no  nitrogen,  and  to 
evolve  hydrogen  bromide  on  heating,  leaving  a  carbonaceous  resi- 
due containing  potassium  bromide.  Distilled  with  zinc  dust  it 
afforded  benzol.  Its  aqueous  solution  treated  with  an  acid,  threw 
down  a  brick-red  powder,  which,  recrystallized  from  glacial  acetic 
acid,  appeared  as  yellow  prisms  having  the  composition  C^qH, 
Br^Og  ;  a  formula  confirmed  by  the  analysis  of  the  barium  salt, 
Cg^jH^Br^BaOj.  From  these  data  Hofmann  concluded  that  eosin 
most  belong  to  that  most  remarkable  group  of  bodies  with  which 
Baeyer  has  enriched  chemistry,  being  a  tetrabrominated  fluorescin ; 
a  derivative  of  a  body  which  he  obtained  by  fusing  resorcin  with 
phthalic  oxide.  To  test  this  hypothesis,  Hofmann  treated  the 
potassium  compound  with  potassium  hydrate,  heated,  decomposed 
Dy  an  acid,  treated  the  filtrate  with  ether,  and  from  the  etherial 
solution  obtained  dibrom-resorcin  in  beautiful  white  needles. 
Eosin  is  therefore  the  phthalein  of  dibrom-resorcin.  Its  synthesis 
was  very  easily  accomplished  by  acting  on  an  acetic  solution  of 
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flnorescin — prepared  from  resoroin  and  phtbalic  acid  by  Bfl*j-er'» 
method — by  bro'niiie,  and  then  diluting  with  water.  The  red 
precipitate  tbii«  obtained  dissolved  in  alkaline  solntions  with  the 
characterietic  color  of  eosin,  and  when  crystallized  from  glacial 
aoetic  acid,  afforded  tbo  same  product  as  tliat  met  with  in  com 
merce. 

lu  a  paper  published  siibeequently,  I^akter  stalee  thai  eottio 
was  first  prodnced  commercially  at  the  Badeu  Aniline  Works  br 
Caro,  and  by  him  inlroduct'd  to  the  trade  under  that  nanie.  He 
suggests  the  follnwiag  experiment  to  show  the  relatious  of  eosin  ; 
A  portion  of  the  coloring  matter  is  agitated  with  water  and  sodium 
amalgam  nt  a  gentle  heat.  The  solution  is  soon  decoloriied,  the 
bromine  being  removed  and  colorless  fluorescin  produc-ed.  If  imw, 
water  be  added  and  a  few  drops  of  potassium  permanganate  Eola- 
tion, the  fluorescin  changes  to  fluorescein  and  the  liquid  )>ecoin» 
bright  green  and  almost  opake,  in  reflected  light. — £er.  Berl. 
Chem.  Ges.,  viii,  62,  146,  Jan.,  Feb.,  I87B.  g.  p.  b. 

6.  On  the  Stmctural  Formula  of  ffj/droxylaiuine. — ^The  body 
NHgO,  discovered  originally  by  toasE.x,  and  to  which  he  giive 
the  name  hydroxylamine,  poeseesea  great  theoretic  intoreet.  It 
may  be  regarded  aa  ammonia  in  which  hydroxjrl  replaces  an  atom 
of  hydrogen;  aa  a  direct  compound  of  the  radicals  amidogen  and 
hydroxyl ;  or  as  a  componnd  in  which  an  atom  of  nitrogen  has 
two  of  lis  units  of  attraction  saturated  by  two  hydrogen  atoms 
whilu  the  third  is  united  to  one  of  the  bonds  of  an  osvgen  atom. 

a 

the  other  being  saturated  by  hydrogen;  thus  H  —  K  —  O  —  E 
It  would  seem  as  if  there  could  be  litHe  question  upon  the  rations! 
constitution  of  so  simple  a  body.  The  above  rational  formula 
rests,  first,  upon  the  method  of  its  preparation  and  secood  upon  itf 
ammonia-like  properties.  It  is  {irepared  by  the  reduction  of  nitiic 
acid,  precisely  as  nitro-mcthane  is  reduced  to  methvlamine  ur 
nitrobenzoic  acid  to  amidobenzoic  acid;  the  radical  KO,  in  all 
these  cases  being  changed  to  NHj.  Hence  from  NOj.OH  comes 
very  readily  Nil, .Oil,  Again,  the  ammonia-like  structure  of 
hydroxylamine  is  shown  by  the  fact  that  it  unites  with  acids  to 
form  salts  without  the  formation  of  water.     The  structure  above 

fiven,  however,  hivolves  the  assumption  that  two  of  the  three 
ydrogen  atoms,  being  similarly  situated  and  combined,  should 
exhibit  the  same  behavior;  while  the  third,  being  diSerendf 
united,  should  behave  differently.  Lossen'  has  uudei-takcn  to  test 
this  assumption  ex  |>e  rim  en  tally.  By  an  easy  replacement  of  the 
hydrogen  atoms  in  hydroxylamine  by  benzoyl,  benzhydroxamic 
and  di-benzhydroxamic  acids,  and  tribenzhydroxylaroiue,  are  suc- 
cessively produced.  Entirely  analogous  compounds  are  produced 
by  anisyl.  Calling  the  hydrogen  atoms  one,  two,  three,  in  this 
order  N  H  H  OH,  we  have,  when  both  radicals  replace  hydrogen, 
beuzanisbydroxamic  acid  ■NtC,k^OUC,H.iO,10H  and  anisbeni- 
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hydroxamic  acid  N(CgH,Og)(C7HjO)OH,  with  two  replacements; 

and    dibenzanishydroxylamine    N(C7HjO)rC^HBO)0(C8HyO,), 

benzanisbenzhydroxylamine  N(C^H5C)(CgHy02)0(C^H50),  and 

anisdibenzhydroxylamine  N(C8H,02)(C.HjO)0(C7H^O),  when 
three  atoms  are  thus  exchanged.  Now  if  ny drogen  atoms  1  and  2 
in  hydroxylamine  are  precise  equivalents,  the  first  two  of  the  above 
named  five  compounds  are  identical ;  if  not,  they  are  only  isomeric. 
If  hydrogen  atoms  2  and  3  are  equivalents,  then  the  third  and 
fourth  of  the  above  compounds  are  identical ;  but  they  are  only 
isomers,  if  they  are  not.  Lastly,  if  hydrogen  atoms  1  and  3  are 
equivalent  to  each  other,  the  third  and  fifth  of  these  compounds 
must  1»e  the  same  ;  but  if  these  atoms  are  not  precisely  identical 
in  function,  the  compounds  must  be  isomers.  The  author  has 
proved  the  most  important  point,  that  benzanishydroxamic  and 
anisbenzhydroxamic  acids  are  not  identical,  but  are  isomeric. 
The  former  fuses  at  133°  to  134°,  the  latter  at  147°  to  148°,  and 
their  chemical  reactions  as  given  are  quite  different.  It  seems 
clear  therefore  that  hydrogen  atoms  1  and  2  are  not  the  precise 
equivalents  of  each  other,  and  that  there  are  at  least  two  kmds  of 
such  atoms  in  hydroxylamine.     Lossen  assigns  therefore  to  dibeuz- 

hydroxamic  acid  the  formula  C^H^O— Is  — O— Cyll^O  and  to 

H 

dianishydroxamic  acid  that  of  CgHyOg— N— O— CgH^Og.  The 
author  promises  further  researches  to  fix  the  position  of  the  replac- 
ing radical  in  the  monohydroxamic  acids. — Idiebig^s  Ann.,  clxxv, 
271,  Jan.,  1875.  o.  f  b. 

7.  Influence  of  Pressure  on  Combustion. — M.  L.  Cailletet  has 
studied  the  effect  of  a  pressure  of  30  to  36  atmospheres  on  the 
luminous,  calorific  and  chemical  rays,  emitted  by  a  burning  body. 
The  air  was  compressed  by  pumps  in  which  the  pistons  were  fixed 
and  the  cylinders  movable,  a  layer  of  water  or  glycerine  at  the 
same  time  cooling  the  gases  so  as  to  protect  the  packing  from  the 
heat,  and  preventing  leakage.  The  reservoir  consisted  of  a  hol- 
low cylinder  with  four  apertures;  the  first  admitted  the  gas,  the 
second  allowed  it  to  escape,  the  third  admitted  the  m«inonieter- 
tube,  and  the  fourth  was  closed  by  a  thick  glass  plate  to  allow  of 
observation  of  the  interior.  The  latter  had  a  diameter  of  10  cms. 
and  a  capacity  of  about  4  liters.  Placing  a  lamp  in  tliis  space,  the 
brightness  increased  with  the  pressure  of  the  air.  The  base  of  the 
flame,  which  under  the  ordinary  pressure  is  blue  and  transparent, 
became  white  and  very  bright ;  but  soon  the  appearance  changed 
and  thick  clouds  of  smoke  circulated  through  the  apparatus  and 
escaped  by  the  stopcock  closing  the  outlet.  The  flame  seen 
through  this  smoke  is  reddish  and  the  wick  is  found  to  be  charred 
and  much  soot  deposited,  doubtless  owing  to  ti\ie  ^a^^t^ca^xa^^w  ^"^ 
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the  gases  contaiiiiag  carbon.  The  heat  increases  but  not  enoajh 
to  bum  an  iron  wiiv  heateii  to  redness  in  the  eomnioa  llnme. 

The  brighlncsH  of  the  flame  of  burning  phosphoms  does  not 
stem  lo  increase,  but  that  of  saljihur  is  brighter  nnJ  yeIlowisli-re:1 
on  the  borders. 

Potassium  burns  with  a  ver^  bright  violet  flame.  The  coni- 
buHtiou  in  a  charcoal  furnace  did  not  seem  more  rapid  under  2S 
atnioaphereB  than  at  the  usual  pressure.  An  alcohol  lamp  wilh 
a.  wii'k  formed  of  a  single  thread,  and  giving  in  the  open  air  a 
soaroely  visible  flame,  rapidly  increased  in  brightness  with  the 
pressure.  At  20  atmospheres,  the  flame  is  white  and  bright  sw 
that  of  an  oil-lamp.  Its  spectrum  is  continuous  and  more  extended 
than  at  oi-dinary  pressures ;  the  ray  JD  is  alone  visible,  appai^ 
ently  enlarged,  liisulphide  of  carbon  also  burns  more  brightly 
than  usual.  Neither  it  nor  sulphur  gives  a  perceptible  quantity 
of  Hulphnrio  acid. 

The  chemical  rays,  as  well  as  those  of  light  and  heat,  seeui  to 
have  an  increased  activity.  A  nunibev  of  flattened  tubes  coiitsin- 
iug  phosphorescent  substances  were  exposed  to  the  rays  of  th»e 
flames  and  shone  with  a  much  brighter  light  with  the  increaml 
pressure. —  Comptea  EenduB,  Ixxx,  487.  k.  c.  p. 

8.  Magnetitai. — M.  Bouty  has  studied  the  laws  of  magnetic  ac 
tion  by  means  of  a  new  and  simple  device  for  meacnriiig  Ensgnedc 
moments.  A  small  magnet  attached  to  a  mirror  is  I'astenpd  to 
the  lower  end  of  a  rod  ot  sealing  wax  and  cuspended  by  a  tilamuni 
of  silk.  In  the  upper  part  of  the  rod  a  small  glass  tube  is  insertwl 
at  right  angles  to  the  magnet.  If  now  a  magnet  is  inserted  in  th« 
tube,  the  system  will  assume  a  position  of  ef|uilibrium  under  the 
action  of  the  two  magnets,  from  which  their  relative  niacnetif 
moment  ia  readily  determined.  The  angular  deflection  is  meis- 
ared  by  means  ot  a  teJescope  and  scale.  The  lower  magnet  iaf 
a  length  of  6  cms.  and  a  diameter  of  MJmms ;  the  tube  a  lencth  of 
2  cms.  and  a  diameter  of  '2  mms.  Bv  tins  an-angement  the 
moment  of  magnets  could  be  determined  whose  length  was  hut 
2  mms.  and  then-  diameter  ~l  mms.  With  this  apparatus  the  mag- 
netization of  a  bar  was  measured  when  it  was  insei-ted  a  number 
of  times  into  a  helix,  .and  was  found  to  be  well  represented  bv  ihe 

empirical  formula   Y=:A—  ^,  in  which  Y  is  the  moment  and  X 

the  number  of  insertions. 

The  effect  of  breaking  a  needle  was  next  studied.  The  needle 
was  heated  to  redness  and  plunged  instantly  into  water,  and  the 
middle  portion,  about  160  mms.  in  length,  alone  employed.  Green 
has  deduced  a  formula  for  the  magnetic  moment  of  saturated  ban 
of  various  lengths.  But  the  primitive  needle  possesses  in  everv 
point  a  higher  degree  of  inagnetiKation  than  corresponds  to  the 
saturation  of  the  fi-aginent  which  belongs  to  it  after  breakinj. 
Two  instruments  are  employed,  one  of  great  delicacv,  for  the 
short  fragmonla,  a  seuond  \«&*  %<;i\%\\,\Nft  fov  ihe  longer  piece?. 
The  agreement  of  obaeivatxoii  'oVvXi  iX^-sot^  \%  iii&.  "Cq»\,  ws-^w* 
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desired  until  the  length  becomes  small  compared  with  the  diame- 
ter. The  law  for  changes  in  the  diameter  and  the  effect  of  a 
fracture  parallel  to  the  axis  were  also  studied.  Finally,  on  the 
ground  of  the  peculiar  facts  examined  in  this  memoir,  as  well  as 
the  whole  of  the  known  facts,  he  concludes  that  the  present 
theories  of  ma(;netism  are  insufficient  to  explain  the  peculiarities 
of  the  temporary  magnetization  of  steel,  and  suggests  that  in 
regard  to  the  magnetic  properties  of  its  elements  this  substance 
must  be  considered  a  heterogeneous  mass. — Phil,  Mag,^  xlix,  81, 
186.  K.  c.  p. 

9.  Frictional  Electricity. — M.  RossKin  has  made  a  careful  study 
of  the  current  developed  by  a  Holtz  machine  and  shown  that  it 
follows  the  laws  of  a  galvanic  battery.  The  machine  was  turned 
by  a  weight,  and  the  work  done  measured  when  charged  and  dis- 
charged. The  current  was  determined  by  a  galvanometer  and 
the  resistance  by  four  long  fine  tubes  filled  with  distilled  water. 
The  current  is  nearly  proportional  to  the  speed,  but  increases  a 
little  more  rapidly  than  the  latter.  The  ratio  of  the  two  alters 
with  the  amount  of  moisture  in  the  air,  so  that  to  produce  a  given 
cnrrent  the  machine  must  be  driven  faster  in  wet  weather, 
although  the  work  required  is  less  than  when  the  air  is  dry.  The 
economy,  therefore,  is  greater  on  wet  than  on  dry  days.  A  Holtz 
machine  resembles  a  galvanic  battery,  having  an  electromotive 
force  and  interior  resistance  which  are  constant  as  long  as  the 
velocity  and  moisture  are  constant.  The  electromotive  force  is 
invariable  for  a  given  degree  of  moisture  whatever  the  velocity, 
while  with  a  given  velocity  it  diminishes  as  the  moisture  increases. 
The  interior  resistance  on  the  other  hand  is  independent  of  the 
moisture  and  diminishes  more  rapidly  than  the  velocity  increases. 
In  the  actual  instrument  employed,  when  the  moisture  was  -69 
the  electromotive  force  equalled  41,000  volts,  while  with  the 
moisture  '35  it  equaled  57,000  volts.  The  resistance  with  a 
velocity  of  eight  turns  per  second  was  540,000,000  ohms,  and  with 
a  velocity  of  two  turns  2,680,000,000  ohms.  The  current  follows 
the  law  of  Ohm,  consequently  if  very  large  exterior  resistances 
are  employed,  the  strength  of  the  current  gives  the  mechanical 
equivalent  of  heat.  The  mean  of  seventeen  experiments  gave  as  a 
result  the  number  428,  which  agrees  very  closely  with  the  com- 
monly received  value. — An7i.  de  Uhim.  et  Phys.y  iv,  214.     e.  c.  p. 

1 0.  Chemical  Sulhsection  in  the  American  Association  for  the 
Advancement  of  Science, — ^This  sub-section  of  the  American  Asso- 
ciation was  organized  at  the  Hartford  meeting  in  August  last. 
It  is  called  the  "Sub-section  of  Chemistry,  Chemical  Physics, 
Chemical  Technology,  Mineralogy  and  Metallurgy,"  and  all  per- 
sons interested  in  applied  as  well  as  in  pure  chemistry  will  be 
welcome  at  Detroit,  wliere  the  next  session  is  to  be  held,  in  August 
of  this  year.  We  make  this  statement  very  willingly  at  the 
request  of  Prof.  F.  W.  Clarke,  of  Cincinnati  University^  who  \?l 
the  secretary  of  this  section,  and  who  is  makVii^  acXlw^  ^iL^T\\Qrci»k 
to  secnre  a  large  gathenng  of  chemiBtB  on  t\iat  oe<i^«vo\i,    Vt<A, 

S.   W.  JobDBOD,  of  Tale  College,  is  chamxiaii-e\eQ\.  oi  \Xi\^  ^^\ass\^. 
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11.   Geology  and  Natural  Uistoby. 

1.  Supplement  to  the  Article  on  /Jr.  Koch'i  evidence  teitA  w- 
gnrd  to  the  cotemporaneity  of  Man  and  the  Muatodon  ;  by  tli: 
Atithor, — Since  the  article  nn  pnges  385  to  34(1  was  priuted,  I 
have  come  acroas  another  of  Dr.  Koch's  pamphleta.  It  is  a  "  sec- 
ond edition"  of  the  New  York  pamphlet  of  1843,  In  the  rosin  it 
is  the  same  with  the  c.irlier  one  of  that  year.  The  most  imjiortaat 
diiference  is  in  the  lirBt  half  of  the  title  page,  which  rta>ls  as 
follows  ; 

"Description  of  the  IlTi>KAKcH(it.HARLiM  (Koch).  (The name 
SiLLiMANli  is  changed  to  Harlani,  bv  the  particular  desire  of 
ProlesBor  Silliman.)  A  gigantic  Fossil IIkktji-e,  lately  discovered 
by  the  anthor,  in  the  State  of  Alabama,  March,  1845.'' 

A  second  difference  is  in  the  appended  matter  of  nearly  10 
pages,  which  extends  the  pamphlet  to  24  pages.  This  matter 
consists  of  (1)  an  extravagant  article  from  "The  New  York  Dis- 
Bcotor;"  (2)  the  article  from  the  "New  York  Evangelist"  about 
the  Hydrarchos  and  Leviathan,  aliade<l  to  od  puge  314,  as  occupy- 
ing the  inside  paees  of  the  pamphlet  of  issa  ;  and  (3)  a  piiflT  froin 
the  "New  York  Morning  News." 

A  third  novelty  is  a  large  wood-cut  of  the  "  Ilydrarchoa  Bar- 
laui"  covering  the  last  page  of  the  cover.  The  body  of  the  pam- 
phlet containi'  only  sonic  verbid  ch;jni;cs. 

These  New  York  pamphlets  ot  1845  contain  one  signiticant  dis- 
covery of  Dr.  Koch  8,  made  during  his  "  geological  tour,"  which 
is  worth  citing.  He  says :  When  at  Golconda,  Itlinois,  "  I  discoT- 
ered  a  large  deposit  of  old  red  Sandstone  or  Devonian  system,  in 
which  I  tbuiid  a  gi-eat  variety  of  non-described  fossil  tish  of  most 
wonderful  forms,  the  spiral  columns  of  many  of  tliera  bearing  a 
striking  resemblance  to  a  screw,  so  that  they  are  called  by  the 
inhabitants  of  the  country  petrified  screws." 

The  Doctor's  "spiral  columns"  of  "fossil  fish"  are  the  common 
Bryozoan  corals  of  the  genus  Archimedtporn,  found  there,  and 
elsewhere,  only  in  Subcarboniferous  rocks. 

2.  Cold  of  the  GUtcinl  and  other  Geological  ^ochs. — The  idea 
that  a  high-latitude  elevation  making  a  paitial  barner  across 
the  shaliower  part  of  the  Atlantic  Ocean  from  Scandinavia  to 
Greenland,  would  produce  a  change  of  temperature  in  the  North 
Atlantic,  is  brought  out  by  Mr.  Preetwitch  in  his  Presidential 
Address  before  tlie  Geological  Society  of  London,  in  1871,  to 
account  for  changes  in  the  life  of  the  ocean,  during  the  latter  pari 
and  close  of  the  Cretaceous  period ;  and  the  principle  is  recognized 
by  Dr.  W.  B.  Carpenter  in  his  elaborate  paper  on  Ocean  Curreuts 
in  connection  with  his  Researches  on  board  the  "  Shearwater '"  in 
1871,  read  before  the  Royal  Society  in  June,  1872,  and  published 
in  No.  138  of  the  Society's  Proceedings,  xx,  6.15-644.     j.  d.  d, 

3.  Geological  Survey  of  Wi»coMin.—The  present  geological 
survey  of  Wisconsin  waa  oigami^i  \w  ftvft  ft'^vv-a^  ^A  \W3^with 
Dr.  I.  A.  Lapham  as  cWei  %eo\o^rf.,Mia.YTQ'i.«»i9fit^,X>.\K^v^^, 
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of  the  State  University,  Professor  T.  C.  Chambbblin  of  Beloit  Col- 
lege, and  Mr.  Moses  Strong,  Mining  Engineer,  as  assistant  geol- 
gists ;  and  Professor  W.  W.  Daniels,  of  the  State  University,  as 
chemist.     The  appropriation  was  $13,u00  annually  for  four  years. 

The  name  of  the  Chief  Geologist  was  a  guarantee  that  the 
work  would  be  faithful  and  exact. 

Two  seasons  have  been  occupied  in  office  and  iield  work. 
During  the  first  season  there  were  three  parties  in  the  field,  and 
during  the  second,  four,  a  special  contract  having  been  made  for 
a  survey,  during  the  latter  season,  of  the  Menominee  River  Huro- 
nian  region,  with  Major  T.  B.  Brooks,  of  the  Michigan  Survey,  the 
work  being  really  but  an  extension  across  the  State  line  of  his  pre- 
vious labors  in  Michigan.  By  the  close  of  the  last  Reason  one-third 
of  the  State  had  been  examined  in  detail,  and  very  many  interest- 
ing facts  developed.  Reports  have  been  made  sufficient  to  fill  a 
large  quarto  volume,  accompanied  by  hundreds  of  illustrations 
and  over  a  hundred  detailed  maps.  These  maps  embrace  all  the 
results  possible  to  place  upon  them ;  it  having  been  the  aim  of  the 
corps  to  put  as  much  of  the  work  as  possible  in  this  permanent 
form.  They  are  complete  for  all  portions  of  the  State  examined, 
and  include  geological,  topographical,  agricultunil  and  other 
maps,  accompanied  by  large  general  sections,  all  drawn  on  a  scale 
of  two  inches  to  the  mile. 

The  entire  lead  region  has  been  topograpically  surveyed  and 
mapped  with  contour  lines  at  a  distance  of  fifty  feet  vertical,  as 
recommended  by  Whitney  in  his  report  on  the  same  region. 
Oarefiil  determinations  of  dips  were  made  at  the  same  time,  so  that 
the  exact  position  of  the  mining  ground — confined  to  certain 
strata — is  made  known  at  each  locality. 

Northern  Wisconsin,  bordering  on  Lake  Superior,  has  been  ex- 
amined in  detail,  and  some  interesting  facts  bearing  on  the  ages 
of  the  Lake  Superior  sandstone  and  of  the  copper  rocks  ascer- 
tained. The  main  work  in  northern  Wisconsin  consisted  in  an 
investigation  of  the  Huronian  rocks  and  ores  of  the  Penokie  Iron 
Range  of  Ashland  County.  The  range  is  thirty  miles  in  length 
in  Wisconsin  and  about  a  mile  in  width  at  base.  Several  streams 
break  through  it  from  the  southward,  affording  magnificent  sec- 
tions of  its  rocks,  and  on  its  fianks  the  siliceous  ores  that  form  its 
mass  everywhere  outcrop  in  precipitous  exposures.  These  out- 
crops have  been  measured  and  the  ore  sampled  and  analyzed. 
The  report  on  this  range  alone  would  form  a  volume  of  consider- 
able size,  with  some  scores  of  illustrations. 

Eastern  Wisconsin  has  been  nearly  or  entirely  surveyed  by  Prof. 
Chamberlin's  party.  He  has  been  able  to  divide  the  iN  ia  ^ara 
limestone  into  several  subordinate  formations.  He  has  also 
obtained  many  new  and  interesting  facts  bearing  on  the  drift  phe- 
nomena of  a  region  most  remarkable  for  its  glaciated  surfaces, 
giant  kettles,  boulder  clays  an<i  moraine  heaps.  He  has  also 
prepared  a  series  of  soil  and  timber  maps  of  tiVi\%  T%^o\i^  w\^\jka». 
coUected  no  leua  than  14^000  fossils,  many  of  t\i^m  n.«7i  ^QitTi\%« 
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Central  Wisconsin  has  been  examined  in  detail  by  Professor 
Irving,  where  be  bas  made  observations  ou  the  Lower  Silurian  of 
the  Four  Luke  ponntry ;  the  Archiean  quartByte  rauge  of  Sank  an^ 
Columbia  Counties ;  the  extensive  Potsdam  Bandstoiie  region  of 
the  center  of  the  State,  with  its  remarkable  castellated  ontTtur«  of 
sandstone,  and  numerous  Archiean  islands ;  the  boundary  between 
the  Arebiean  and  I'otsdam;  the  rocks  of  the  main  Archiean  bo-ly 
along  the  valleys  of  the  Wisconsin,  Yellow,  and  Black  Riyeis; 
and  ou  the  drift  pheuomena  of  the  entire  region,  which  are  espe- 
cially  interesting  because  the  area  is  just  on  the  edge  of  the  drift- 
less  region  of  the  western  half  of  the  State. 

While  the  members  of  the  corps  were  just  now  expei^ting 
authority  from  the  legislatnre  for  the  printmg  of  these  reports, 
they  were  greeted,  we  learn,  by  the  announcement  that  the  gov- 
ernor bud  appointed  a  new  chief  geologist,  and  one  whose  cole  re- 
commendation for  the  position  was  political  services,  no  one  having 
eTer  heard  of  him  before  as  acquainted  wilh  geology  or  any  other 
science.  It  ajipeared  that  l>r.  Lapham  had  been  appointed  under 
the  law  suhjeirt  to  the  confirmation  of  the  senate  at  its  next  ses- 
sion, Al  that  lime  a  new  administration  had  come  in  and  Dr. 
Lapham'fl  name  was  never  sent  in,  though  he  continued  toperfonn 
bis  duties,  and  to  be  recognized  by  the  State  officials.  Tbis  fact 
WOB  taken  advantage  of  to  oust  him,  the  appointment  being  de- 
fended in  the  senate  by  parties  from  the  northern  portion  of  ih* 
State,  who  had  got  the  idea  that  the  reix.ns  on  the  mineral  re^iuris 
of  that  section  were  not  as  favorable  as  interested  parties  desirefi 
The  whole  thing  was  a  total  surprise  to  Dr.  Lapbam  and  other 
members  of  the  corps,  so  that  there  was  no  time  tor  any  opposi- 
tion on  their  part,  or  that  of  other  friends  of  the  survey  and  of 
good  boiiesi  scientific  work. 

A  great  wrong  has  been  done  to  Dr.  Lapbam,  and  a  greater  to 
the  State.  Itut  we  cannot  believe  th:it  the  State  of  Wisconsin 
wilt  be  satisfied  to  thus  stultify  itself  before  the  world  by  sustain- 
ing tbe  appointment  to  a  scientific  position  of  one  who  confess- 
edly knows  nothing  of  its  duties. 

4.  Oeologicul  Survey  of  Alabama,  Report  of  Progress  far 
1874;  by  Euqenb  A.  Smith,  Ph.D.,  State  Geologist.  140  "pp. 
8vo.  Montgomery,  Alabama,  1875. — Prof  Smith,  after  a  history 
of  the  Geological  Survey  of  the  State  hitherto  undertaken,  give* 
in  a  brief  and  systematic  form  the  results  of  his  geological  work 
carried  on  during  the  past  year.  His  labors  were  confined  mainly 
to  the  portions  of  the  State  occupied  by  crystalline  rocks,  and 
especially  to  Chilton,  Talladega,  Cleburne,  Randolph,  Clay. 
Coosa,  Tallapoosa,  Chambers,  Lee,  and  Elmore  Counties.  The 
rocks,  and  the  mines  or  valuable  minerals  they  contain,  are  de- 
scribed with  care.  The  crystalline  rocks  include  granites,  gneiss, 
bornblendic  rocks,  mica  schist,  hydromica  slate,  chlorite  slate ; 
and  also  hypersthenyte  or  noryte,  which  occurs  near  Columbns  : 
irith  crvstalhne  limestones,  which  are  partly  dolomitic.  Among 
the  materials  of  economicaV  ivayovxamce  wmtwYva^vn  x>\«»«:  c<iiiat.i«^g 
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3  included  marbleB ;  soapstone  at  many  localities  in  Clay,  Talla- 
osa,  Chambers  and  other  counties;  white  porcelain  clay; 
bestus ;  mica ;  corundum,  in  Tallapoosa  County ;  graphite ; 
Id;  copper,  in  Wood's  Mine  in  CleDurne  County;  iron  ores, 
lich  are  associated  usually  with  the  homblendic  rocks.  The 
3port  closes  with  chemical  analyses  of  various  iron  ores,  coals 
d  limestones. 

5.  Geological  JSurvey  of  New  Jersey,  Annual  Report  of  the 
ate  Geologist,  Prof.  George  H.  Cook,  for  the  year  1874.  116 
K  8vo.  Trenton,  N.  J.,  1874. — ^Prof.  Cook  gives,  in  his  Report 
r  1874,  new  information  on  the  remarkable  series  of  Archaean 
)n  mines  in  New  Jersey,  and  also  facts  respecting  mines  of 
Qonite,  copper,  zinc,  and  the  quarryings  of  pottery  clay,  etc. 
Q  States  that  700  to  1000  tons  of  metallic  zinc  are  now  made 
nually  from  New  Jersey  ores,  850  tons  from  Pennsylvania  ores, 
d  more  than  3000  tons  from  Western  ores.  With  regard  to  the 
lite  clays  of  New  Jersey,  he  remarks  that  265,000  tons  of  fire 
ly  are  annually  dug  in  Middlesex  County,  about  Woodbridge, 
?rth  Amboy  and  South  Araboy,  and  sold  at  an  average  price  of 
.50  per  ton.  Besides,  there  are  20,000  tons  of  stoneware  clay 
[g  at  South  Amboy,  which  averages  i|4  per  ton,  and  is  shipped  to 
I  parts  of  the  United  States. 

Prof.  Cook  states  that  the  geological  position  of  the  clay 
posits  is  in  the  Creta^eifus  formation^  and  that  the  stratum 
nstitutes  its  lowest  member.  They  occur  in  a  belt  of  country 
retching  across  the  State  from  the  northeast,  on  Staten  Island 
»und  and  Karitan  Bay,  to  the  southwest,  ending  on  the  Delaware 
Gloucester  County.  Its  northwest  edge  adjoins  the  Triassic  red 
ndstone  from  Woodbridge  to  near  Trenton,  where  for  ^\q  or 
^  miles  it  borders  on  the  gneiss;  thence  to  the  southwest 
d,  it  follows  along  or  near  the  Delaware  River. 

6.  Preliminary  Report  oftlie  JState  Geologist  of  Oregon  ;  Rev. 
[lOMAs  Condon.  22  pp.  8vo.  Salem,  Oregon.  1874. — Mr. 
>ndon,  who  has  in  past  years  done  much  in  the  collection  of  the 
ammalian  and  other  fossils  of  the    interior    of    Oregon,  was 

f pointed  State  Geologist  in  October,  1872,  but  upon  a  salary  of 
y  $l(iOO  per  annum,  and  under  the  idea  of  his  devoting  but 
irt  of  his  time  to  the  object.  This  preliminary  report  gives  an 
teresting  review  of  the  topography  of  the  State,  with  important 
cts  respecting  the  great  lake  basins  of  the  Tertiary,  and  the 
lations  of  the  Tertiary  sandstones  containing  silicified  and 
aly  trunks  of  trees,  to  the  overlying  igneous  rocks  in  the  line  of 
e  Cascade  Range.  He  speaks  of  the  latter  rocks  as  having  a 
ickiiess  exceeding  4000  feet,  and  as  consisting  of  porphyry 
ilow,  trachyte  over  the  porphyry,  and  heavy  dark  basalt 
)Ove. 

7.  Prof  0,  JSeer^s  Arctic  Flora. — The  first  two  volumes  of 
"of.  Heer's  Arctic  Flora  are  as  widely  known  as  the  name  of  the 
lebrated  author.     A  third  volume  has  been  published  recently* 

♦  By  Wurteer  k  Co.,  ol  Zxoioh. 
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from  inatenBlA  collected  by  the  Swedish  Polar  expeditions  under 
the  direction  of  Prof.  N ordetiskiiild.  This  volume  adminbly 
eompletee  the  work,  by  the  superior  ciiaracter  of  ita  execution  am) 
by  trie  interesting  facts  which  it  exposes  In  regard  to  the  geologi- 
cal floras  of  the  Arctic  and  Polar  regions.  It  contains,  Isl,  i 
paper  on  the  Carboniferous  flora  of  the  Arctic  zone  (eleven  pages 
and  «x  plates) ;  3d,  the  Cretaceous  flora  of  the  Arctic  ztine  (out 
hundred  and  forty  pages  with  thirty-eight  plates);  Sii,  an  apjien- 
din  to  the  Miocene  flora  of  Greenland  (three  pages  and  fiv* 
plates);  and  4ih,  a  general  revision  of  the  Miocene  flora  of  the 
arctio  zone  (twenty-four  pages). 

The  most  important  jiart  of  this  publication  is  that  on  tlip 
Cretaceous  floras,  not  merely  for  the  reason  that  the  vegetation  of 
the  Cretaceous  land  was  till  now  scarcely  known,  but  because  iu 
exposition  bnngs  out  documents  related  to  a  number  of  interesting 
problems  which  arij  masterly  presented  and  discussed  by  the 
author.  Th'is  part  has  a  pecuhai'  interest  for  the  naturalists  of 
thix  country,  on  ai;connt  of  the  di8<-overy  in  Nebraska  and  Kansas 
of  a  terrestrial  formation  closely  riilated  in  time  to  that  of  the 
Upper  Cretaceous  of  Greenlaud,  in  which  a  large  number  of  fossil 
plants  have  been  discovered  and  recently  described  b^  Les<juereui 
in  a  volume  published  by  the  Department  of  the  Intenor,  as  noticed 
on  page  227.  The  fossil  plants  of  Greenland  are  from  two 
divisions  of  the  Cretaceous;  the  lower  one,  which,  from  the  ehsr 
ai'tcr  of  its  flom,  is  intimiitfiy  iillicd  lo  the  Upper  Jurassic,  the 
flora  being  mostly  composed  of  Ferns,  Conifers,  Cycadcn;,  with 
a  few  monocotyledonous  and  a  single  dicotv led o nous  species, 
representing  apparently  a  kind  of  I'opidus.  The  Upper  Cretace- 
ous division  has  in  its  flora,  with  a  lai^e  proportion  of  Fema  and 
Conifers,  two  species  of  Cycas  only,  and  tnirty-lbur  dicotyledonous 
species  out  of  sixty-two  which  compose  the  whole  flora.  Among 
these  there  are  species  of  the  Genera  Mijricti,  Ficus,  Santafru 
(one  species),  Andromeda,  Dioapyros,  Mugnolin,  etc.,  which  are 
also  represented  in  the  Cretaceous  of  Nebraska,  either  hy  identi- 
cal or  related  forms.  This  indicates  an  evident  i-elation,  which, 
however,  is  far  less  marked  than  would  be  expected  between  two 

f  roups  of  plants  from  formations  where  synchronism  is  probable. 
'or  among  the  one  hundred  and  thirty  species  described  from 
the  Dakota  group  of  Nebraska,  one  hundred  and  thirteen  are 
dicotyledonous  and  many  of  the  genera,  Liquidamhar,  tkUix, 
Setiua,  Alniit,  Quercus,  rhgus,  Plotatnia,  Laums,  Liriodfndron, 
Menispermum,  are  not  represented  in  the  flora  of  Greenland.  In 
Nebraska  also  there  is  a  preponderance  of  species  referable  to 
Sasea/rat,  while  from  Greenland  one  leaf  only  is  described  as  of 
this  genus.  As  all  these  genera  are  now  widely  distributed  in 
the  North  American  flora,  this  preponderance  of  American  types 
leads  us  to  refer  the  origin  of  our  present  flora  to  the  Americaa 
Cretaceous. 

An  intermediate  division,  that  of  the  Middle  Cretaceous,  is 
represented  in  the  voWtae  oi  lAefti  Xi-j  %  %\a»,\.\.  i\\Kabec  of  plants 
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from  Spitsbergen,  m  all  sixteen  species  of  Ferns  and  Cooifers  with 
only  one  Equisetum. 

8,  On  Serpentine  Pietidomorpha  after  Monticellite,  a  Lim»- 
jHOffneria  Chryeolite ;  by  0.  tom  Rath.  (Monatsb.  k.  Akad.  d. 
Wiss,,  Berlin,  Nov,  19,  1874.) — The  pseudomorphs  described  by 
Vom  Ratb  are  from  the  Pesmeda  Alp,  on  Mt,  Moozoni  in  the  Tyrol. 
TTie  syenyte,  dioryte  and  "  angitic  greenstone,"  which  coDstitute 
the  Monzoiii  peak,  come  ap  throaeh  limestone  [of  the  Triaasic 
formation]  which  is  in  part  crystalline ;  and  this  limestone  con- 
taine  many  crystallized  Rilicates  near  its  junction  with  the  other 
rocks,  viz.,  fassaite,  Teeuvianite,  gehlenite,  garnet,  spinel,  etc.  In 
a  high  ridge  adjoining  the  Pesmeda  Alp,  at  a  height  of  about  2500 
yards,  the  limestone,  near  its  contact  with  "  augitic  greenstone," 
affords  crystals  of  the  form  of  monticellite,  along  with  others  of 
uiorthite,  gamet  and  spineL  The  monticellite  oryslala,  some  of 
irhich  are  two  inches  long,  are  all  chanfjed  to  serpentine.  They 
>ccDr  mixed  with  fassaite,  and  with  a  blackish  green  spinel  which 
8  also  in  (tart  serpentine.  The  color  of  thepsendomorphs  is  light 
>rovD,  yellowinh  and  occasionally  white.  The  crystals  within  are 
rregalar  in  texture  and  color,  as  is  well  represented  on  a  plate 
ihowing  magnified  sections.  Vom  Kath  gives  several  excellent 
igaree  of  the  crrstals.  Unaltered  monticellite  has  not  been  foand 
it  the  locality,  nut  it  occurs  massive  (Breithaupt's  batrachite)  to 
lie  west  of  Fesmeda  and  to  the  southeast  of  Ait.  Monzoni,  near 
,he  junction  of  the  limestone  and  syenyte.  This  massive  kind  is 
ixtemally  altered. 

Vom  Rath  also  states  that  the  locality  of  serpentine-paeudo- 
norphs  affords  others  of  monticellite  ottered  to  fasaoite.  Thecrys- 
;ak  are  an  inch  and  less  in  size.  They  have  sometimes  a  nucleus 
>f  serpentine  or  calcite.  The  fassaite  pseudomorphism  in  all  cases 
ireceaed  the  serpentine. 

9.  On  the  convereion  of  an  arailiaeeous  rock  to  Serpentine;  by 
A.  d'Acbiardi  (Bolletmo  R  Com.  Geol  d'ltalia,  1874,  p  336  ) 
—In  Montajone,  Italy,  south  of  San  Miniato,  there  is  connected 
with  the  Upper  Tertiary  an  unconsolidated  earthy  mass,  greenish 
white  in  color,  and  partly  halloysite-like  in  composition  (B  in  the 
igure  below),  which  is  intersected  by  numerous  dolomitic  {d,  d) 


^ll^r2i^. 


1.  clW  depiMtt  conUlnlnt  Dodnl»  or  fnamenu  of  IndnratEd  cUy    B  the  put  of  una  ds- 

Bilt  l&Ml  iu«  becDDifi  liallonLlte  4nd  In  wttich  the  nodolea  dunaLut  DrterHDtlika  ■Drroandud  bT 
loBins    C  LpperTcrtUrr    i  i  desUtlc  tcIdi    d  iLdolomlUc  tcIdi 

tnd  Bteatitic  {s,  s)  veins,  and  contains  besides  isolated  nodules  of 
I  fine  green,  compact  serpentine,  more  or  less  translucent,  which 
ire  often  coated  with  dolomite.  The  bed  or  mass  followed  to  the 
lortbwest  loses  its  steatitic  and  dolomiiic  veins,  and  gradoates  into 


a  rough,  dark  clay  bed  (A),  contaiitiDg  nodules  that  are  like  tlte 
serpentine  nodules  in  form,  eize  and  position,  but  which  coubihI  ol 
indarated  clay,  reddish  gray  or  grayish  yellow  in  c^lor.  Frum  the 
unaltered  tlavey  nodules  thi'i-e  is  a  gradual  passage,  througli  oifaen 
partly  altered,  to  tbosi'  consisting  wholly  of  serpentine.  D'AcU- 
&rdi  conchideB  that  the  serpentine  nodules  were  {rroduced  througti 
the  alterations  of  the  clay  nodules.  He  refers  their  formatimi  to 
the  ai^tion  of  hot  magneslan  watei-s  on  a  hydrated  Hlaniinoiis  siliciiU, 
and  the  replacement  thereby  of  the  alumina  by  magnesia.  The 
halluy site-like  material  he  regards  as  containing  the  aiumint 
which  was  removed  from  the  no<IuleR  in  the  process  of  nItenitioiL 

10.  On  the  formatiou  oj'  Mountains  and  the  hypothesis  of  a 
liquid  gubstrahiiii  beneath  the  EariKa  crust  y  by  Hev.  O,  Fisbkx, 
(Proc.  Cambridge  Phil,  Soc.,  Feb.  22.) — This  paper  was  a  sequel  to 
one  read  in  Dec.,  1&73,  in  which  it  had  been  shown  that,  Dpou  the 
supposition  that  the  inequalities  of  the  earth's  surface  h.ire  beea 
formeii  by  contraction  of  its  volume  through  cooling,  they  are  too 
great  to  be  so  accounted  for  if  the  earth  has  cooled  as  a  tolU 
body.  In  the  present  communication  it  was  therefore  assamei 
that  there  is  a  li'juid  layer  beneath  the  cooled  crust ;  and  an  ^ 
proximate  calculation  was  made  of  the  form  which  the  corrugationa 
of  a  flexible  crust  would  take  if  so  supported.  It  was  shown  that 
their  lower  surface  would  consist  of  a  series  of  equal  circular  arcs 

arranged  in  a  festoou-like  manner,  and  having  a  radius  2 — c,  whf« 

p,  17  are  the  densities  of  the  cmet  and  liquid  respectiTelv,  and  c  tire 
thickness  of  llic  cnist.  It  wiis  argued  lliat  the  coiieequenccK  of 
this  form  of  corn  i  gat  ion  agree  fitiriy  well  with  some  of  the  phe- 
nomena of  mountain  elevation,  but  that  it  does  not  anllice  to  ei- 
Stain  the  ocean-basins  and  the  continental  plateaux. — A'utun, 
[arch  18. 

11.  B'-tainj  ■•/  the  A'.'..  '  ■;/■  ',.■■■■  iv?<-(;,-.— It  is  a  curious  fact 
that  the  little  iBlnnd  «[  .'.  .lie  South  Indian  Ocean,  Is 
known  to  be  covered  \w.-  ■'  ihe  island  of  St,  Paul's, 
onlyfiftymiles  to  thesoufli,iK  ui-s(iiiiie<ii  even  a  shrub.  Botaaisu 
have  long  been  anxious  to  determine  the  character  of  the  Amste^ 
dam  forest,  but  the  difficulty  of  effecting  a  landing  on  the  island 
has  gonprallv  prevented  the  collection  of  specimens.  In  the  last 
part  of  the  Jountal  of  the  Limieaii  Societj/,  Dr.  Hooker  announces 
that  at  length  he  has  received  the  desired  specimens,  these  hai-ing 
been  collected  by  Commodore  Goodenough,  who  states  that  they 
represent  the  oidy  Rpecies  of  tree  growing  on  the  island.  Dr. 
Hooker  idenlifies  this  with  the  I'hi/lica  arborea  of  Thouars,  a  trM 
which,  strangely  enough,  is  found  in  the  remote  Island  of  Trislan 
d'Acunhu.  It  is  a  curious  problem  fur  those  who  study  insular 
Floras  to  suggest  how  the  same  phint  can  have  established  itself 
on  these  two  little  specks  of  lanif,  sepsirated  from  each  other  by 
aboi^t  live  thousand  miles  of  ocean. — Atken<^ur»,  March  n. 

12.  .1  iii//hiox"s  lioicolatiis. — Prof  Huxley  has  shown,  in  a  paper 
read  befoi'e  the  lioyal  ISociety  (Ann.  Mag.  Nat.  Hist.,  IV,  xv,  325), 
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lat  the  auomalous  Amphioxus,  which  HsBckel  refused  to  admit 
to  the  class  of  Fishes,  is  closely  related  in  some  important 
laracters  to  the  Marsipobranch  hshes.  In  the  mouth  with  its 
liitacles,  and  in  some  other  respects,  Amphioxtts  is  much  like 
mmocastes  (the  young  of  Petromyzon).  '•  The  several  pairs  of 
^rves  in  Amphioxus  which  leave  the  cerebro-spinal  axis  between 
loee  which  answer  to  the  portio  dura^  and  tne  optic  nerve  are 
presented  by  the  third,  fourth,  fifth  and  sixth  pairs  of  cranial 
jrves  of  the  higher  Vertebrates.  The  cranium  of  the  latter  is 
presented  by  those  segments  of  the  body  of  Amphioxtts  which 
»  in  front  of  the  fifteenth,  counting  from  before  backward,  and 
leir  cranial  nerves  by  the  corresponding  anterior  pairs  of  nerves. 
o  auditory  apparatus  was  distinguished ;  but  ''  in  all  other 
Bpects  Amphioxus  conforms  to  the  Vertebrate  type ;"  and, 
»ii6idering  its  resemblance  to  the  early  stages  of  retromyzon 
■escribed  by  Schultze),  there  is  no  reason  for  removing  it  from 
e  class  Pisces.  On  account  <»f  its  permanently  segmented  skull 
id  its  many  other  peculiarities,  Prof.  Huxley  regards  it  as  the 
pe  of  a  primary  division  which  he  names  Mitomocrania^  other 
(hes  being  Jlolocrania. 

1 3.  Zoological  JStation  at  Naples, — Dr.  Anton  Dohm  has  issued 
Catalogue'*'  of  the  Library  of  the  Zoological  station  at  Naples. 
early  one  half  of  the  volumes  belong  to  Dr.  Dohm,  and  formed 
B  private  library  at  the  time  he  established  the  zoological  station  ; 
e  other  half  consists  of  works  presented  either  by  the  publishers 

by  the  authors  to  the  station.  As  a  library  of  embryological 
id  anatomical  works  on  marine  animals,  it  forms  an  admirable 
icleus  for  the  building  up  of  a  great  zoological  library.  It 
tly  needs  the  continued  interest  which  has  been  shown  by  all 
>rking  naturalists  to  supply  the  station  with  everything  pub- 
hed  needed  to  carry  on  investigations  in  every  department  of 
oloffy.  Dr.  Dohrn  is  anxious  to  secure  the  co-operation  of 
xiencan  naturalists  and  hopes  that  they  will  remember  the 
ological  station  in  the  distribution  of  their  papers.  a.  a. 

1 4.  Birds  of  the  Northwest :  a  hand-book  of  the  Ornithology  of 
B  Region  drained  by  the  Missouri  River  and  its  tributaries ;  by 
.uoTF  CouEs.  8vo,  791  pages. — ^This  volume  forms  part  of  the 
scellaneous  publications  of  the  United  States  Geological  survey 
the  Territories,  under  Dr.  Hayden.  It  includes  quite  full  syno- 
xns  of  all  the  species  and  varieties  belonging  to  the  region, 
th  many  valuable  descriptions  of  the  habits,  geoirraphical  dis- 
bation  and  variations  of  the  species.  The  niinilies  Laridm^ 
plymbidcPj  and  Podicipidce  are  treated  monographically,  all  the 
>rth  American  species  being  fully  described:  v. 

15.  Geographical  Distribution  of  Ammals. — Mr.  A.  R.  Wallace 
3  in  the  press  a  work  on  this  subject,  which  is  to  be  illustrated 
th  elaborate  maps,  and  woodcuts  of  animals.  It  will  be  pub- 
!ied  by  Messrs.  Macmillan. — Athenoeum^  Feb.  27. 

'  Die  BibUothek  der  zoologischen  Station  zu  Neaped  YeTzeicihm'eA  ^t  ^asrS&m^ 
smn  Ende  des  Jahres  1873  voriiandenen  Biicher.  Lelp^.  %^o.)  y^.  \^^^%^ 
4.     WUhalm  EngelmaatL 
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IIL    Astronomy. 

1.    On  the  Total  Eclip*e  of  the  Sun  of  April  16/A,  as  obteml 
by  Mr.  Stone  at  KlipfontetH  in  Namaquuland,  &mth  A/Hea,  U 
miiea  from  the  eea  and  30  mitee  from  the  central  line  of  shadow,— 
The  general  results  which  Mr,  Stone  considers  he  has  obtained 
from  the  observationB  are  summarized  as  follow:     "  1.   A  coofir 
■nation  of  Young'a  observations  of  the  general,  or  nearly  genei^ 
reversion  of  Fraimhofer's  linee  in  the  Bpectrum  of  the  corona  n 
the  photosphere.     2.  A  speotroscoj^ic  examination  of   the  on 
corona,  in  contra-distinction  to  the  inner  corona,  carried  to  the 
tent  of  rather  more  than  a  degree  from  the  sun's  center,  which  blj 
proved  that  the  Epoctnim  of  the  outer  corona  con^sts  of  a  lintH 
spectrum  of  one  bright  line,  either  excluaively  or  sensibly,  whoii 
wave-length  is  5,312,  and  of  an  ordinary  sunlight  spectrum  with 
absorption  lines.     The  spectrum    of  the  outer  corona   has  bca 
shown  to  fade  gradually  away  as  the  extreme  visible  limit  of 

corona  is  approached,  and  not  to  disappear  sharply  as  if  the  extn 

limit  of  the  corona  had  been  reached.  S,  This  spectroscopic  flV 
amination  of  the  outer  corona,  combined  with  the  unchanged 
character  of  its  principal  features  as  seen  at  Kamaqualand,  Oriqnt- 
land,  aud  Basutoland,  at  intervals  of  absolute  time  extending  to 
10'",  and  at  distances  of  more  than  500  miles,  proves,  I  venture  to 
think,  the  solar  origin  and  coamical  obaraoter  of  the  outer  corou 
The  want  of  coincidence  in  the  positions  of  the  general  extensiow 
of  the  iinuT  cvironii  with  tin'  niaiii  branchc-fl  of  the  outer  corona  i^ 
an  iidililional  ai-j;iiiiient  u^iiinsl  the  atmoeplieric  origin  of  tin 
OQter  corona.  4.  A  comparison  of  the  drawing  by  Mr.  Hali,  made 
at  Namaqualand,  and  the  photographs  obtain«l  in  ]869  and  1671 
shows  the  permanent  character  of  the  contraction  of  the  load 
corona  in  a  direction  parallel  to,  or  nearly  parallel  to,  the  sun'i 
axis  of  rotation.  The  strongly  marked  character  of  the  contrat- 
tionof  the  outer  corona  in  the  same  direction,  as  seen  in  the  eclipw 
of  1874,  may  not  improbably  aitiiiiatfiy  Jead  to  a  similar  iiiterence 
in  the  case  of  the  outer  corona  aluo," — Monthly  Ifoticea,  February, 
1875. 

2.  S-^hiapurellVa  Obaervutions  of  Comet  III  1862. — The  care- 
ful observations  made  by  Professor  Schiaparelli  of  Comet  III  1 86i, 
which,  among  the  large  comets,  possesses  a  peculiar  interest  from 
its  connection  with  the  August  meteors  (the  Perseids),  have  beoi 
lately  published,  the  delay  having  been  occasioned  by  the  djffi- 
oulty  of  reproducing  faithfully  the  original  drawings,  which  have 
now  been  drawn  on  stone  by  Signor  Tern  pel  of  the  Milan  Observatory. 
Prof.  Setiaparelli,  in  his  Memoir,  first  gives  the  original  obserri- 
tions,  and  tlien  discusses  them  under  various  heads.  The  apparent 
brightness  of  the  coma  increased  from  6  mag.  on  July  24,  to  l"7 
.Jtnag.  on  August  31,  and  the  intrinsic  brightness,  calculated  by  the 

al  formula,  -^— ^,  also  increased  from  0-210  to  1017  within  the 
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same  period,  but  not  uniformly ;  increasing  for  ten  days,  then  re- 
maining stationary  for  a  like  penod,  after  which  there  was  again 
an  increase  for  ten  days,  followed  by  a  second  stationary  penod ; 
these  changes  being  unaccompanied  by  any  marked  variation  in 
the  size  of  the  head.     Corresponding  to  the  increase  in  brightness 
of  the  head,  there  was  a  marked  decrease  in   brightness  of  the 
»  nucleus,  which  could  not,  Signor  SchiaparelH  considers,  have  ex- 
I  oeeded  350  miles  in  diameter  when  nearest  to  us,  from  which  he 
-   concludes  that  its  density  must  then  have  been  considerable,  as  it 
^   alone  contained  the  materials  for  the  coma  and  tail  in  all  succeed- 
ing apparitions  of  this  comet.     The  appearance  of  the  luminous 
Z.  jets  is  then  discussed,  and  is  connected  with  a  general  want  of 
^  symmetry  in  the  head  of  the  comet,  the  left  side  of  which  (suppos- 
^  ing  the  tail  to  be  below  the  head)  was  more  developed,  so  that  the 
.  oomet  resembled  a  stick  with  a  knob  on  one  side.     The  most  re- 
markable feature  in  this  comet  was  the    large  inclination  of  the 
tails  (of  which  there  were  three  on  August  21)  to  the  plane  of  the 
;    orbit,  a  fact  which  was  established  by  the  circumstance  that  the 
apparent  angle  between  the  tail  and  the  prolongation  of  the  radius 
vector  did  not  change  sensibly  on  the  passage  of  the  earth  through 
the  plane  of  the  orbit  on  August  1 0.     The  lateral  deviation  of  t^e 
tail,  which  was  very  considerable,  Prof.  SchiaparelH  refers  to  an 
explosive  force  from  the  left,  of  the  nucleus,  from  the  effect  of 
which  the  particles  projected  from  the  head  would,  under  the  ac- 
tion of  a  repulsive  force  from  the  sun,  describe  parabolas,  having 
the  head  as  vertex  and   the  radius  vector  as  axis,  the  tail  being 
carved  back  till,  near  its  extremity,  it  became  parallel  to  the  radius 
vector.     This  would  require  the  nucleus  (which  was  apparently 
onsymmetrical)  to  )>reserve  a  nearly  constant  direction  m  space, 
which  the  author  considers  might  result  either  from  a  polar  force 
residing  in  the  sun,  or  from  the  absence  of  rotation  of  the  nucleus. 
Another  imporant  conclusion  drawn  by  Signor  Schiaparelli  is  that 
the  particles  of  the  tail  exercise  a  mutual  repulsion  on  each  other, 
causmg  the  anterior  boundary  to  curve  forward  till  it  cuts  the 
prolongation  of  the  radius  vector,  the  axis  of  the  parabolas  which 
would  oe  described  by  the  particles  of  the  tail  if  only  under  the 
snn^s  repulsive  force. — Month! j/  Notices,  February,  1875. 

8.  Ine  Gold  Medal  of  the  Astronomical  Society, — The  Coun- 
cil have  awarded  the  gold  medal  to  Prof.  D' Arrest,  for  his  work 
entitled  ^^  Sidernm  Nebulosomni  Observationes  Havnienses  insti- 
tatse  in  Specula  Universitatis  per  Tubum  Sedecimpedalem  JVler- 
nannm  ab  Anno  1861  ad  Annum  1867,"  and  his  other  astronomical 
works.  The  President  will  explain  to  the  meeting  the  grounds  of 
this  awar^J  after  the  Annual  Report. — Montldy  Notices^  February, 
1876. 

4.  FaU  of  a  meteor  in  Iowa. — A  meteor  fell  in  Iowa  on  the 
night  of  Feb.  12th  with  loud  detonations.  The  principal  portion 
of  the  fragments  from  the  stone  have  been  secured  for  the  Iowa 
State  University  by  Pro!  Leonard. 
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•if.r*  tf^r  •afw-  ffnarit  sf.pii-r-  "-n.^.  ■^iUil  s'-ttc  ic.  ibt  oLstTs-ationi 
<rf  iIjp  H-fMrab-  avcuhs,  n  fiJlo^s  ih»i  meteorological  rtoonis  giv( 
(M  f-ffantrtaiw-e  to  th«  Wlea  of  a  penuuKat  cfauic;e  hinng 
<x.-<;anvi|  in  iIk-  rMauu^  of  S<v>tta&d  eiuer  b»  R^ard<^  summer  he« 
or  vitiLer  coUl,  II  may  be  Mlnleil  that  daring  the  puu4  seveo 
rt^r*  lb«  l«inp*rat<nv  ca  JoIt  hu  l>e«n  aboTt  iu  avenee  respect- 
iKoIy  Z'K,'  1-7,'  JO,'  O-Z,"  l-7^"  It*.-  and  IS/  nnd  that  of  Decem- 
Iwr.'sMi  <-'>m|far(:il  with  its  average  +1-5,=  —4-2,°  — 5-e,"  — I'l,' 
—  <i'-'.,''  +:i.4,''  an'l  —7  4;"  n-snits  qnite  in  the  opposite  direction 
ii(  i\n:  |><i|>iilarly  <;nt«rtaine'l  t>elief  tiiat  the  summers  are  colder 
mi'l  till'  wiriti^n  milder  than  fomierlv/' 

.'1.  Oiillif.  I'triii'lieity  nf  Tliiinfler-atormi  ( Ueb^r  ffoietzmSssigt 
fi/i/iuji/nkfiiii/iii.  in  'hr  JMuJiffAfil  der  fieicitter  KS/irend  langjm- 
rSyr  /^-.itr/iiui-i:)  ;  l.y  W.  v.  IJkzou..— Von  Bezold,  in  his  atu'jy  of 
tin-  jH-H'i'licity  of  thunder  storms,  made  use  of  a  series  of  oh«e^ 
mrjojifl  Lhiit  <:xleiuii:(l  over  a  perioil  of  103  years  (1764-1 889)  at  une 
loi'iiliiy  (KremsmllnHtt^r,  Havana)  almost  without  a  break,  and  of 
othiTB  li-NH  I'oinplfte  at  other  placfs. 

Hill  r.o[ir'liiHi'>iiH  lie  expri'sxes  as  follows.  In  ^ears  when  the 
tmnpcntliire  In  hi(^h  iind  the  suh'h  surface  relatively  free  from 
Hpotn,  thuniliir-Ktorins  are  abunilaiit.  Since,  moreover,  the  maxJiDB 
of  tilt'  Miiii-i'iK'ln  I'liini-ide  with  the  greatest  intensity  of  aororai 
diiplityH,  it  lolluws  that  both  groups  of  phenomena,  thunder-storms 
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and  auroras,  to  a  certain  extent  sapplement  eaoh  other  so  that 
years  of  frequent  storms  correspond  to  those  auroras,  and  vice 
versa.  He  observes  that  such  a  connection  between  sun-spots  and 
storms  does  not  hj  any  means  sanction  the  supposition  of  a  direct 
electrical  interaction  between  the  earth  and  sun,  but  may  be  sim- 
ply a  consequence  of  a  degree  of  insolation  dependent  upon  the 
son-spots. 

These  changes  in  the  insolation,  according  to  K5ppen,  manifest 
themselves  in  different  latitudes  not  cotemporaneously  but  suc- 
cessively. The  phenomena  of  thunder-storms,  on  the  other  hand, 
do  not  depend  alone  upon  the  condition  at  the  place  in  question 
with  respect  to  temperature,  but  also  on  the  condition  of  the  at- 
mosphere at  points  fiar  distant  and  belonging  to  another  zone. 
This  appears  most  distinctly  in  the  storms  which  accompany  elec- 
trical cfisplays.  The  peculiar  intermediate  position  which  the 
weather  curve  takes  between  the  curves  of  sun-spots  and  tem- 
perature may  possibly  find  its  explanation  in  this  fact. 

Von  Bezold  closes  with  showing  that  observations  recently 
published  in  Saxony  confirm  in  a  striking  manner  the  conclusions 
ne  had  reached. — Ber.  Ak.  MUncheu^  Nov.  7,  1874.         b.  sf  d. 

4.  J%e  Blind  Fish  and  some  of  the  associated  species  of  the 
Mammoth  Cave^  Kentucky^  probably  of  Marine  origin. — Mr.  F. 
W.  Putnam,  in  an  artical  published  in  the  Bulletin  of  the  Essex 
Institute,  vol.  vi.  No.  12,  1874,  remarks  as  follows  on  the  origin  of 
some  of  the  present  inhabitants. 

That  many,  or,  with  two  or  three  exceptions,  nearly  all  of  the 
thirty  or  forty  species  of  vertebrates,  articulates,  mollusks  and 
still  lower  forms,  including  a  few  plants,  now  discovered  in  the 
oaves  of  Kentucky,  are  of  comparatively  late  introduction,  is 
probable  from  the  fact  that  they  are  so  closely  allied  to  forms 
uving  in  the  vicinity  of  the  caves.  But  that  the  blind  fishes,  the 
Chologaster  and  a  few  of  the  lower  forms  of  articulates,  as  the 
Lemsean,  parasitic  on  the  blind  fish,  may  have  been  inhabitants  of 
the  subterranean  streams  for  a  much  longer  period,  is  worthy  of 
consideration  on  the  following  grounds : 

First,  the  blind  fish  family  has  no  immediate  allies  existing  in 
the  interior  waters,*  the  only  species  of  the  family,  in  addition 
to  the  three  found  in  the  Mammoth  Cave,  being  known  at  present 
only  from  the  rice  ditches  of  the  low  coast  of  South  Carolina. 

Second,  the  Lemsean  parasite  is  much  more  common  on  marine 
fishes  than  on  strictly  nuviatile  species,  and  is  more  decidedly  a 
marine  than  a  fresh  water  form.  These  facts  may  therefore  be 
taken  as  at  least  indicating  the  probability  of  the  early  origin  of 
some  part  of  the  great  cave  system  of  the  region  of  the  Ohio  Val- 
ley, and  while  there  may  be  nothing  in  the  present  structure  of  the 
caves  to  indicate  their  having  been  formed  m  pait  while  in  contact 
with  salt  water,  the  supposed  erosion  of  the  limestone  and  the 

*  In  oommon  with  others  I  have  considered  the  Heteropjgii  as  belonging  to  the 
aanie  order  with  tiie  Oyprinodontes,  but  I  now  have,  trom  iMr^^t  \i!&>Tm«&<^\\  ^1 
tliair  strooton^  doubts  as  to  their  dose  association  with  thaA  gto\r^.    1^^^  «QX])V»c^. 
wiU  be  preeoDted  oo  SDotber  oooaaion. 
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modification  of  the  early  formed  phamlicrB  by  later  action  shonU 
be  carefully  cooeidcred  before  it  can  be  denied  that  the  caves  weit 
not,  in  some  slight  part,  for  a  time,  supplied  with  marine  Ufe 
Until  a  speeimcu  of  Chologaster,  or  some  other  member  of  the 
&ll)ily,  hae  been  obtained  in  the  external  waters  of  the  Ohio  Val- 
ley, it  ie  hardly  logical  to  regard  the  family  to  which  the  blmd 
fishes  Wlong  as  one  originally  distributed  in  the  rivers  of  tbe 
Ohio  Valley,  and  afterward  bi-comine;  exterminated  in  the  ri^ei* 
and  only  existing  in  two  stich  widely  diflereiit  localities  as  the 
coast  of  South  Carolina  and  the  Btibterranean  streams  of  tbe 
Bouihweslern  States,  That  marine  forms  of  life  are  found  id  tm 
fresh  water  lakes  and  riveis  is  known  to  >>e  the  case.  The  sjteei- 
men  of  a  shrimp  exhibited  was  secured  in  the  Green  Rirer.  near 
one  of  the  outlets  of  the  31ammoih  Cave.  Tbe  fact  that  in  soow 
of  the  waters  of  Florida  fishes  once  marine  arc  now  confined  to 
the  fresh  water  lakes  of  comparatively  recent  formation,  and  thit 
in  the  iSt.  John's  River,  and  others  of  that  State,  many  marine  and 
fresh  water  species  are  found  associated,  are  evidence  of  the  cbaoee 
that  may  take  place  in  the  habits  of  some  marine  animals,  while 
a  reocnt  annonncement  of  the  Gobiosoma found  in  the  Ohio  Hivrr* 
is  another  instance  of  a  marine  fish  living  in  fresh  waters. 

5.  Proceedings  of  the  Cleveland  Academy  of  Xatural  Science*, 
1B45  to  1B59.  20li  pp.  8vo.  Cleveland,  Ohio.  Published  by  i 
centleman  of  Clevelitnd. — The  valuable  papers  which  were  read 
Bom  time  to  time  before  the  Cleveland  Aoadeniy,  previoos  ts 
1660,  by  Dr.  J.  P.  Kirtland,  Dr.  J.  S.  Newberry,  Col.  C.  Whittle 
sey,  and  others,  and  whii-li  h:ive  hitherto  been  published  only  it 
part  in  any  scientific  journal,  are  now  for  the  first  time  gathered 
into  a  volume  by  the  Society.  The  volume  contains  among  iu 
articles  descriptions  of  spe<ries  of  fossil  coal  plants  by  Dr.  New- 
berry, and  of  recent  fishes  by  Dr.  Kirtland,  with  impoiiant  not« 
on  the  distribution  and  habits  of  birds,  fishes,  buttei-tiies  and 
other  species  by  Dr.  Kirtland  ;  a  paper  on  the  Allegheny  Coal 
field  by  Col.  C.  Whittlesey ;  notes  on  the  Drift  by  Dr.  Newberry 
and  Col.  Whittlesey,  and  short  contributions  on  other  topics  ot 
interest,  including  several  valuable  letters  by  Agassiz,  Harris, 
and  Bachman. 

a.  Annual  Record  of  Science  and  Industry  for  1874.  Edited 
by  Spknckk  F.  Bairh,  with  the  assistance  of  eminent  men  of  sci- 
ence. 666  pp.  i2mo.  New  York,  1875.  (Harper  &  Bros.).— Tlie 
Annual  Record  for  1874  by  Prof  Baird  comes  well  laden  with  the 
scientific  news  of  the  year  past.  A  long  introductory  chapt« 
contains  a  brief  review  of  the  chief  stages  of  progress  in  the  vari- 
ous sciences,  theoretical  and  industrial ;  and  then  follow  abstracts 
of  various  papers  in  science,  announcements  of  new  discoveries, 
statements  of  new  facts  about  old  discoveries  and  new  illustrationt 
of  priuciples,  accounts  of  scientific  expeditions  and  institntiooe 
recently  eslablished,  an  obituary  chapter,  and  a  list  of  new  works. 
The  book  has  facts  of  interest  for  all  classes  of  readers. 

DoUce  of  OobiMoma  m^eatmn  Iioin  the  Ohiu.    ^mat.  Nat,  niii 
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Art.  XLIIL — Brief  Vontributions  to  2!k>6lf>gy  from  the  Museum 
of  Yale  College.  No.  XXXII. — Results  of  Dredging  Expedi- 
tions off  the  New  England  Coast  in  1874 ;  by  A.  E.  Verkill. 

During  the  summer  of  1874  Prof.  S.  F.  Baird,  U.  S.  Com- 
missioner of  Fish  and  Fisheries,  established  the  headquarters 
of  the  Commission  at  Noank,  Conn.,  a  village  situated  on 
Fisher's  Island  Sound,  a  few  miles  east  of  New  London.  A  large 
party  of  naturalists,  who  were  invited  to  take  part  in  the  inves- 
tigations of  the  commission,  availed  themselves  of  the  unusual 
facilities  there  oflFered  for  the  study  of  marine  life.  The  in- 
vestigations of  the  invertebrate  animals,  in  general,  were  placed 
in  charge  of  the  writer,  hut  several  others,  especially  Mr.  S.  I. 
Smith,  Prof.  A.  Hyatt,  and  Mr.  S.  F.  Clark,  took  a  prominent 
part  in  this  work.  Extensive  dredging  operations  were  carried 
on  from  this  station,  by  means  of  the  U.  S.  steamer  **  Blue- 
light,"  under  Commander  L.  C.  Beardslee,  U.  S.  N.  These 
dredging  extended  from  80  to  40  miles  from  Noank,  in  dif- 
ferent directions ;  westward  to  the  mouth  of  the  Connecticut 
River;  southward  to  Gardiner's  and  Peconic  Bays  and  the 
waters  south  of  Montauk  Point;  and  eastward  to  the  banks 
severa]  miles  south  and  east  of  Block  Island,  so  as  to  connect 
with  the  dredgings  of  1871.  Temperatures  of  the  surface  and 
bottom  waters  were  taken  at  more  than  ninety  stations,  and 
dredgings  were  made  in  a  still  larger  number  of  localities. 

A  very  large  and  interesting  collection  of  invertebrate  ani- 
mals was  secured     Among  these  are  over  100  species  new  to 
the  &ana  of  southern  New  England.     Most  of  t\x^^  ^\^ 
northern  species^  but  many  are  undescribed.     A.  W%^  ^qJ\^^- 
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tion  of  algfD  was  made  by  Prof.  D.  C  Eatoa  and  othera  Pro£ 
Baird,  with  several  assistants,  took  direct  charge  of  the  fishes  ' 
and  fisheries,  aud  made  many  interesting  discoveries.  He  also  i 
obtained  a  valuable  collection.  A  more  detailed  accoant  of  I 
theae  investigations  will  be  given  in  a  future  article. 

During  part  of  the  month  of  September  the  Superintendent  of  ' 
the  U.  S.  Coast  Survey  offered  Prof  Baird  the  use  of  the  steamer  I 
Bacbe,  Capt.  Piatt  commanding,  to  continue  the  dredging  opera- 
tions off  the  coast  of  Maine.     Tnis  work  was  put  in  cbaigeofDr. 
A,  S.  Packard,  as  in  1873,  and  he  was  assisted  by  Mr.  C.  Cooke 
and  Mr.  Robert  Rathburn.    They  made  dredgings  at  about  forty 
stations  in  the  GuK  of  Maine,  off  the  coasts  of  Maine  and  New 
Hampshire,  at  various  depths  down  to  125   fathoms.     The«  i 
localities  may  be  conveniently  grouped  in  five  series. 
a.  Several  dredgings  on  hard  bottoms,  near  the  Isles  of  Shosb   I 
and  on  Jeffrev's  Ledge,  in  25-51  fathoms  (see  Nos.  44,  46, 
■48_,  77,  78).    ■ 
h.  An  interesting  series  of  dredgings  on  Cashes  Ledge,  aljoot 
90  miles  off  Mt.  Desert  I.,  in  27  to  39  fathoms,  hard  and 
rocky  bottoms.  I 

t.  One  dredging  on  a  new  bank,  discovered  by  Capt  Piatt,  in    i 
32  fatlioms,  sandy  bottom  (Na  69).  J 

rf.  Several  <lredging9  in  3H-48  fatho[iis,  muddy  bottoms,  be- 
tween Cape  Ann  and  the  Isles  of  Shonls  (Nos.  38-41,  sad 
78  in  part). 
e.  Numerous  localities  in  50  to  125  fathoms,  muddy  bottoms, 
including  most  of  the  localities  not  already  mentioned, 
over  a  wide  area,  both  east  and  west  of  Jeffrey's  Ledge, 
and  extending  from  No.  62,  off  Pemaquid,   Me.,  to  the 
deeper  parts  of  the  Gulf  o£  Maine,  south  of  Cashe's  Ledge, 
Hard  bottoms. — The  collections  from  the  hard  bottoms  (in- 
cluded under  a,  b,  c)  are  much   like  those  from  similar  and 
adjacent  localities  explored  in  1873,  of  which  nearly  complete 
lists  were  published  in   this  Journal  (vol.  vii,   p.   502,   May, 
1874).     Cashe's  Led^,  as  before,  proved  to  be  a  rich  dredging 
ground,  remarkable  tor  large  numbers  of  rare  northern  species 
Locality  78,  in  35  fathoms,  near  Jeffrey's  Ledge,  was,  properly 
speaking,  a  rai.xed  bottom,  mud  predominating ;  but  the  dredge 
brought  up  some  stones  and  large  quantities  of  masses  of  firraly 
consolidated  ferruginous  mud  and  sand,  most  of  which  were 
irregularly  broken  and  curved  pieces,  but  some  had  the  form  of 
large,  slightly  conical  tubes,  3  to  6  inches  in  diameter,  and  12 
to  15  inches  long,  the  walls  often  being  an  inch  or  more  thick. 
Theae  are  probably  old  uninhabited  tubes  of  Ceriantkusborealis, 
which   have   become   firmly   consolidated   by   some   cheraicai 
action.     Upon  these  fia-gmenta  of  tubes  numerous  species  of 
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causing  the  collection  from  this  pkce  to  resemble  that  of  cer- 
tain rocky  bottoms. 

Table  of  Stations  in  the  Gu^  of  Mainej  where  dtredginga  and  temperature  determina- 

Uona  were  made^  in  1874. 


a     I 

go  I>at«. 

Q     ,8«pt. 


38 

39 
40 

41 
42 

43 

44 

46 
46 

47 
48' 

49 

60 

61 

62 

63 

64 

66 

56 

67 

67a| 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 
68 
69 
70 
71 
72 
73 
74 
76 
76 
77 
78 


6 


8 


12 


Hoar. 


12  If. 

1.38  P.1C. 
2.23    •» 
3.00    " 
11.35a.m. 

2.32  P.1C. 

5.00  P.1C. 
0.50    *♦ 
2.28    " 

4.00  P.M. 
4.30    " 


Locality. 


7.00  P.M. 
2.15  a.m. 
5.10    " 
7.00    ** 
8.24    » 
2.00  P.M. 
2.50 
3.15 
4.00 
7.00 
12.00 
4.00  a.m. 
7.30    " 


ti 
a 


0.40  P.M. 
2.46    " 
4.28    " 
1.20    ** 


a 


(i 


3.30 

6.00 

8.30    " 
11.00  ** 

1.00  a.m. 

4.03    " 

6.30 

8.00 

9.30 
11.10 

1.30  P.M. 
12.00  M. 


ft 
(t 
tt 
a 


Thatcher's  L  Light,  about  10 

miles  south 

Do.,  about  13  miles  south.. 

Do.,  16  miles  soul^ 

Do.,  18f  miles  soutii 

Boon  L  Lt,  6  m.  N.W.  by  W. 

iW 

Boon  I.,  N.  by  E. ;  hotel  on 

shoal  S.  W.  by  W.  i  W.  . . 
Star  I.,  aw. ;  Duck  I.,  W.. . 
Boon  I,  12^  miles  W.N.W.. 
Agamenticus  Mt,  N.W.  by 

W.  iW 

Jeffrey's  Ledge,  near  last, . . 
Near  last,  Agamenticus  N.W. 

iW 

Boon  L,  W.N.W.  27  miles, . 
Lat  43"  01'  20',  Ion.  69°  45^ 
Lat  42*  66',  Ion.  Sd"  08',... 

Cashe's  Ledge 

Cashe's  Ledge 

Do.  3f  miles  N.W 

Do.  2|  miles  S 

Do.  li  miles  S.8.B 

Near  last 

Near  last 


Lat.  42"  03',  Ion.  69°  05',.. 
Lat43°  22',  Ion.  69"  17',. 
Lat  43"  17',  Ion.  69"  24',.. 

Boothbay,  Me.,  harbor, 

Pemaquid  Pt,  10  miles  N. . . 
Pumkin  L,  4  miles  N.E.  ... 

PenuKiuid,  12  miles  N 

Monhegan  L,  2  miles  E  by  N. 
Do.,  14  miles  N.E.  f  E 

Seguin  Lt,  19  miles  N.  by  W. 

Do.  N.W.;  near  last, 

Lat  43"  11',  Ion.  69°  35',.. 
Lat  43"  03',  Ion.  69°  36',.. 
Lat  42"  55',  Ion.  69^  36',.. 
Lat  42"  67',  Ion.  69°  50',.. 
Lat  42"  58'  30%  Ion.  70"  00', 


Nature  of 
bottom. 


Soft  blue  mud. 

Mud, 

Blue  mud, 

Mud — rocks, - 

Brown  mud,  . 

Brown  mud, . 

Rocky, 

Soft  mud,  ... 
Hard,   sandy 

mud, 

Sand  A  gravel, 

Gravel, 


Lat  43"  01',  Ion.  70"  09',.. 
Lat  43"  02',  Ion.  70"  15',.. 
Lat  43"  03',  Ion.  70°  26',.. 
White  L  Lt,  3i  miles  R  f  S. 
Agamenticus  Mt,  N.W.  by 
I    N.iN 


Mud  ft  gravel, 
Bocks  ft  grav. 
Soft  mud,  ... 

Mud, 

Gravel, 

Gravel, 

Rocky, 

Rocky, 

Mud  ft  g^vel, 

Mud, 

Mud  and  sand. 


Mud, 

Brown  mud,  . 
Mud, 

Soft  mud, 

Brown  mud  ft 

gravel, ... 
Brown  mud, 

Mud, 

Sand, 

Mud, 

Brown  mud, 


it 
t. 

a 


a 
a 
ti 
a 


Mud  ft  gravel, 

Rocky, 

Blue  clay,  mud 
and  sand, . . 


41 
48 
43 
36-27 

68 

43 
25 

88 

51 
25 

36 

113 

100 

106 

27 

73 

110 

40 

30 

37 

39 

65 

92 

65 

5 

48 

42 

58 

47 

65 
86 
91 
32 
91 
96 

126 

102 
88 
92 
61 
33 


Temperature.* 


Air. 


70"  P. 
70 
70 
70-5 

69-5 

75 
75 
66 

66 
64 

64 

64 

60 

60 

60 

63 

61 

60-6 

62 


60-5 

61 

61 

64 

62 

68 

61-6 

64-5 

66 

68 

64-5 

64 

61-5 

61 

61 

62 

62 

64 

64 

69 


Bnr- 
fitce. 


35    61-6 


66" 
69 
69 
69 

67 

65 

67-5 

67 

69*5 
68-6 

56-5 

65 

66 

66 

65 

65 

61 

65 

69 


57 

66 

57 

58 

62-5 

65 

67 

69 

64 
64 
59 
60 
68 
68 
67 
69 
60 
64 
63 
66 

60 


Bot- 
tom. 


45" 
45-5 
47 
45-5 

52-5 

47 
51 
40 

42 
45-5 

47-5 

40 

40 

41 

42 

42 

42 

43 

46 


40 

41 

41 

51 

47 

48 

42-5 

44 

40 

40 

40 

46 

40 

40 

39-5 

40 

39 

40 

42 

44 

43 


•  I  un  Infbrmed  by  Dr.  Packard  that  the  aarface  temperatures  camiot  be  regarded  as  perfectly 
reliable,  for  they  were  taken  m  a  bucket  of  water  In  wnlcb  the  bulb  of  the  thermometer  was  not 
alwaya  aubmergBd.  All  Uie  watw-temperaturea  were  taken  with  a  MlUer-Casella  thermometer 
(nmnbered  18m),  whleb  waa  left  down  from  5  to  10  minutes  for  bottom  temperalurea.  Qxix  ^r^y^- 
rtence  ahowi  tbai  these  instmments  staonld  be  down  10  to  90  mSiiutttS  to  )mrQX«  v^ite«X  %ii2x:qx%«i  . 
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Tbe  following  list  includes  the  species  additional   to  tboee 
enumerated  last  year     Those  from  Cashe's  Ledge  are  marked 
C;  those  from  Jeffrey's  Ledge,  j  ;  those  from  Capt  Piatt's  new 
bank  (ioc.  6«),  P ;  those  from  locality  78  are  marked  loc.  7a 

Additiont  to  the  lUt  of  hardioUom  specie. 

Crustacea. 

Hippolyte  Phippaii. 
DiaaCi'lU  quadriapinosa. 
PBTdoliBca  cuapidaCa. 
Slegocephftlus  ampulla. 

1.                MonociilodBs,  sp, 
Anuetida. 

loc.  J*. 
o. 

Lag^sca  rarispina. 
Nepbtb/a  drdnaU  V. 
Qrjmssa  npiralia  T. 

J.              1  Sulcus  DcgleotaT 
J.                  Spirorbie  valida  V. 

G<i»tri)poda. 

'  loc.  19. 

B«la  auifleUnta. 
B.  TioIaoBB. 
AporrhflLs  occidBQUlU. 

1            Adeorbis  coBtuIale. 

0.                          priaeeps. 

1.                  Ouchidoris  luUida. 

C.                      Phame  quadraU. 

1.  lOQ.  41. 

L<.imelUhranchiaf'i. 

0.  i.  1. 

c  i. 

Nwera  arctica. 

V.  loc.  69. 

J 

Thracia  truncata. 

0.                   1  Nucula  tenuis. 
Bryozoa. 

Dlscotoacigera  lucetnaria. 

0.  J,  loc.  18. 

C.J 

Tubulipora  serpens. 

J.  loc  78. 

K.  lieviBl^flwettjI  Sm.) 

T.hi8pida(=T.  crates  81.) 

J.  loc  IB. 

Hippothoa  vulgaris. 

T.  incrassata. 

J.  loc  78. 

H.  divarioata. 

Diastopora  byalina. 

0.      loc  78. 

Escharolla  porifeta. 

loc.  78, 

D.  hyalina,  var.  aimplei. 

loc.  78, 

E.  audculata. 

DiKoporella  Temiearia. 

J.  loc  78. 

O.J 

10C7S. 

CeUulana  scabra. 

P,  loo.  78. 

E.  eaodiiia  (St  ip.). 

0.  Peachii. 

0.      loc.  64. 

E.  aolida. 

Bugula  avicularia. 

=  Fiu>tra»olida  St 

i's& 

Pluatra  papyraoea. 

=  E)AarapatTnata  Sara, 

ieei 

DiBcopoTaBcabr»,T,  plicjita 

c. 

loc  78 

M.  unicornis,  var.  Americana.  J. 

D.  Bcabra,  var.  ovate. 

loc  78 

loc  78- 

D.  ooccinea. 

Eschara  Terrucosa. 

D.  oooclnea,  var.  ovalia. 

0.  J 

loc7S 

B.  verrucosa,  var.  patana. 

C.  J. 

Sm.). 

<J.J 

Ech  in  oderm  ala. 

Eydroida. 

0.      loc  69.  [  Lafoea  gracillima. 

c. 

A.1 T1. -i:_i:i:./a._  „ 

0.  J.    toe  S9. 

Halecium  (enelliiin. 

0. 

£Wr°«U'P^(»t^<.B''^^-')    i-^oc.  V6.  \B.. 
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ifuddy  bottoms, — The  dredgings  on  muddj  bottoms  agree 
closely  with  those  of  the  previous  year,  as  might  be  expected 
from  the  similarity  of  the  localities,  and  their  proximity.  Most 
of  the  rare  species  previously  obtained  were  again  met  with,  so 
that  for  many  species  additional  specimens  of  great  interest 
were  obtained  Thus  a  second  specimen  of  Pleurotomella  Pack- 
ardxi  V.  was  dredged  at  loc.  54 ;  and  several  of  Anachis  HaH- 
aseti  at  loc.  58  and  60 ;  Caridion  Gordoni  and  large  specimens  of 
Siegocephabis  ampulla  at  loc.  54  and  58,  etc.  A  fine  new  species 
of  Aster ina^  with  dark  dorsal  spots,  occurred  at  localitv  54. 

The  following  list  includes  most  of  the  additional  species, 
not  enumerated  in  the  lists  published  last  year  in  this  Journal 
(vol.  vii,  p.  411),  though  quite  a  number  found  on  some  of  the 
muddy  bottoms,  but  belonging  properly  on  hard  ones,  are 
here  omitted. 

List  of  additions  to  t?^  fauna  of  the  muddy  bottoms. 

Crustacea, 


Hippol3rte  polaria  loc.  64. 

H.  Phippsii.  loc.  54 

Crangon  boreas.  loc.  41. 

Stenothoe  peltata.  loc.  54. 

Tritropis  aculeata.  loa  58. 


(Edioeros  lynceus.  loc.  41. 

Syrrhoe  crenulata.  loc.  41. 

Metopa,  sp.  loc.  54. 

Byblis  Qaimardil  loc.  38-40. 
Ampelisca  macrocephala. 


Annelida^ 


Eunoa  nodosa. 
Euphrusyne  borealis. 
Ancistria  capillaris  Y. 


Amphitrite  Orayi  loc.  72. 

A.  intermedia. 


Gastropoda  and  LameUibranchiata. 

Astyris  rosacea.  loc.  63.  |  Glycixneris  siliqua.  loa  72. 

Diodora  noachina,  var.  prinoeps.  loc.  51.  | 

Bryozoa. 


Diaatopora  hyalina.  loa  38-40. 

Membranipora  unioomis.  loa  40. 


Bugula  flezilis  T.,  sp.  noY.*        loa  64. 
Esdiara  elegantula.  loc.  62-66. 


*  Bugula  flexmsj  sp.  nov.    Plate  rn,  figures  1,  2. 

Several  rather  long,  slender,  flexible,  dichotomously  divided  branches  radiate 
from  dose  to  the  point  of  attachment,  making  a  stellate  cluster.  Zooecia  in  two 
alternating  rows,  smooth,  oblong,  slightly  swollen  in  the  middle,  with  a  short 
tooth  or  spine  on  the  outer  angle;  aperture  terminal,  oblique,  rounded  or  ovaL 
Avicularia,  on  the  front  of  the  ssooecia,  remarkably  large,  nearly  as  broad  as  the 
zoceda  and  more  than  half  their  length,  compressed,  fusiform,  tapering  gradually 
to  the  point  of  attachment.  East  of  St.  George^s  Bank,  430  fathoms,  1872 ;  off 
Casoo  Bay,  96  fathoms,  1873 ;  Guif  of  Maine,  110  fathoms,  1874. 

Discopora  mUdOt  sp.  nov.  Plate  vn,  figure  3.  From  Vineyard  Sound  and 
Long  Island  Sound. 

Easily  distinguiflhed  by  the  very  small  apertures  with  elongated  processes  pro- 
jecting inward  from  the  sides ;  and  by  the  acute  lateral  avicularia. 

LepraUa  Amerieana^  sp.  nov.  Plate  vii,  figures  4,  5.  =L.  PaUasianaf  7.,  in 
former  papers.    Long  Island  Sound  to  Beverly,  Masa,  low- water  to  30  fathoms. 
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AsT.  XLrV.— On   the  Primordial  .Strata  of  Virginia;    by 
Wm.  M.  Fontaine. 

[OoDcEudDd  from  pngo  369.] 
Rockfish  Gap. 
The  railroad  cuts  at  this  place  aS'ord  some  good  exposares  of 
the  lowest  Primordial  strata.  In  the  deep  cut  made  for  tbe 
west  entrance  to  the  tunnel,  tbe  junction  of  theee  rocks  witb 
the  massive  chloritic  argilHtea,  which  here  form  tbe  mass  of 
tbe  Blue  Ridge,  is  well  shown.  The  strataaro  herealt  inverwrd, 
and  dip  southenst,  but  at  a  much  higher  angle  than  the  Blue 
Bidge  slates.  These  latter  lie  in  heavy  plates,  produced  by 
the  consolidation  of  numerous  lamina,  with  a  dip  of  about  40° 
southeast  As  described  in  a  previous  paper,  they  »re  of  a 
dark  greenish-gray  color,  the  green  being  caused  by  films  of 
chlorite.  They  are  firm  and  hiird,  resisting  decomposition  and 
degradation  quite  well.  The  first  stratum  of  the  Priraordiiil 
rocks  which  adjoins  these  sliites  presents  a  strong  contrast  with 
them,  the  line  of  Junction  being  strongly  defined.  This  stm- 
tam.  No.  (I)  of  the  section  here,  ia  composed  of  very  thinly 
laminated  slates  or  shiiles,  much  compacted  by  pressure.  Tbev 
are  not  crystalline  and  hence  not  true  slntes.  Tiiev  are  pnle 
yellowish -gray,  and  are  of  the  variety  called  by  the  Professors 
Rogers,  "ftldspathic  slates  with  talease  matter."  They  decom- 
pose, or  rather  lose  their  coherence,  much  more  easily  than  the 
argillites.  Hence  at  their  junction  with  these  rocks,  the  height 
of  the  walls  of  the  cut  suddenly  diminishes  from  twenty  to  five 
or  six  feet.  Thickness  300  feet  (2.)  On  the  west  of  these  is 
a  band  of  more  siliceous  composition.  On  the  side  next  to  (1). 
the  layers  of  this  rock,  in  color,  do  not  differ  much  from  (1),  but 
are  tbicker  than  the  preceding  slates,  and  more  sandy.  The 
bedding  thickens,  and  the  amount  of  ailiceons  matter  increases 
to  the  west,  until  we  have  a  tine-grained  white  kaolin  sand- 
stone in  pretty  thick  layers.  Thickness  75  feet  (3.)  The  last 
rocks  are  suddenly  succeeded  by  a  conglomerate  of  brownish 
red  color,  indicating  a  sudden  change  in  the  conditions  of  sedi- 
mentation at  this  point,  while  the  two  preceding  rocks 
graduate  into  each  other,  showing  a  gradual  change  of  the 
material  deposited,  which  was  plainly  the  product  of  slow 
decomposition  and  accumulation.      Nos.   (1)  and   (2)  are  the 

Suivalente  of  the  highly  metamorphosed  sandstone,  No.  (1\ 
the  Balcony  Falls  section,  while  (3)  is  the  representative  of 
the  feldspathic  conglomerates  and  their  included  shales  seeu 
there.  The  conglomerate  here  presents  some  very  interesting 
points  of  difference. 
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This  rock  is  well  exposed  in  a  quarry  near  the  railroad,  from 
which  a  large  amount  of  stone  has  been  removed.  Its 
structure  and  composition  is  thus  fiiUy  exposed.  It  lies  in 
massive  plates  five  to  six  feet  thick,  with  thm  seams  of  shaly 
matter  between  several  of  the  plates.  These  thin  seams  are  the 
diminished  representatives  of  the  shales  which  separate  the  beds 
of  conglomerate  at  Balcony  Falls.  Some  small  veins  of  quartz, 
the  result  of  metamorphic  action,  fill  cracks  in  the  mass.  The 
coarser  materials  are  rounded  grains  of  quartz  of  the  size  of  a 
garden-pea  and  under.  Rarely  is  a  particle  of  fresh  feldspar 
seen.  This  feldspar  has  the  same  character  with  that  found  in 
the  equivalent  rock  at  Balcony  Falls.  On  the  other  hand, 
numerous  grains  and  lumps  of  this  feldspar,  in  a  condition  of 
almost  complete  decomposition,  are  seen.  These  larger  particles 
are  imbedded  in  a  slaty  cement  of  highly  ferruginous,  decom- 
posed, felsitic  matter,  which  when  scratched  with  a  knife  gives 
a  decided  cherry-red  streak.  Besides,  distinct  particles  of 
hematite  appear.  Enclosures  of  angular  fragments  of  the 
slates  of  the  Blue  Bidge  are  not  rara 

The  more  decomposed  condition  of  this  material  in  this 
vicinity  is  explained  by  the  fact  that  it  was  probably  brought 
by  currents  from  the  southwest,  and  thus  for  a  considerable 
time  subjected  to  agencies  tending  to  disintegrate  it.  At 
Rockfish  Gap  the  shores  of  the  Primordial  sea  were  probably 
formed  by  argillites,  while  farther  southwest,  coarse  syenites 
containing  red  feldspar  and  quartz  were  washed  by  the  waters. 
The  fresh  state  of  the  feldspar  at  Balcony  Falls  shows  that  this 
sediment  must  have  been  rapidly  formed  and  poured  into  the 
sea.  I  have  already  given  some  account  of  an  eruptive  syenite 
which,  in  the  vicinity  of  the  Peaks  of  Otter,  has  penetrated  the 
older  metamorphic  svenites,  and  have  stated  also  that  the 
lowest  Primordial  rocK  at  Balcony  Falls  has  been  highly  altered 
by  contact  action  of  a  similar  rock.  It  is  probable  that  this 
rock  is  the  product  of  deep-seated  metamorphic  action,  pro- 
duced by  the  sinking,  in  its  earliest  stages,  of  the  bottom  of 
the  Primordial  sea.  This  would  cause  great  pressure  against 
the  resisting  syenitic  border,  and  might  fuse  a  portion  of  it 
and  squeeze  this  out,  shattering  the  upper  and  firmer  mass. 
An  igneous  rock  capable  of  delivering  felaspathic  and  auartzose 
material  exists  also  at  Bockfish  Gap,  as  is  disclosea  in  the 
tunnel.  It  is,  however,  small  in  amount,  and  being  entirely 
enclosed  in  slates,  was  probably  not  exposed  to  any  extent  to 
the  action  of  the  waves.  There  is  no  evidence  to  fix  its  age, 
but  if  it  was  formed  at  this  period,  it  probably  caused  a  fractur- 
ing of  the  slates,  which  was  the  source  of  the  fragments  found 
in  the  conglomerate.  The  thickness  of  the  conelomerate  rock  \s» 
60  feet,  and  like  the  two  preceding,  it  has  a  d\^  oi  IQP  \ft  nXi^ 
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southeast.  The  strata  bo  tar  fonn  the  weatern  base  of  the  Blue 
Bidge.  The  sueceeiliiig  rocks  form  u  series  of  low  hills,  which 
for  a  space  of  2^  miles  at  this  point  lie  between  the  uiountaiQ 
and  the  valley  of  South  River,  a  branch  of  the  Shenaudoah, 

(4)  We  have  next  to  the  conglomerate  No,  (3),  a  partially 
concealed  interval  of  200  feet,  in  which  the  rocks  are,  when 
seen,  kaolin  shales  and  kaolin  saudstoae,  pnncipally  tbe 
former.  Hence  from  their  soilness,  they  occupy  a  valley.  To 
the  west  of  this  is  a  band  of  kaolin  sandstones,  with  layers  <if 
cellular,  much  indurated  quartiite,  and  some  sabordinate  beds 
of  an  indurated,  gray,  coarse  sandstone,  to  be  described  fanher 
on.  This  series,  in  which  the  quartzitea  predominate,  has 
undergone  much  local  metamorpnism,  apparentlv  from  hoi 
ailiceoua  solutions,  which  has  rendered  the  material  more  resist- 
ing to  denuding  agencies.  It  occupies  a  range  of  hills  of  con- 
siderable height.  It  contains  one  bed  of  the  gray  sandstone  20 
feet  thick.  Thickness  420  feet,  or  including  the  partlv  con- 
cealed band,  620  feet.  This  series  of  strata  is  the  equiviOent  of 
No.  (8)  in  the  Balconv  Falls  section.  The  dip  is  nigh  to  the 
southeast ;  it  is  somewnat  confused  by  the  consolidation  of  the 
beds. 

(5.)  The  first  rock  in  this  series  is  a  highly  indurated  gray 
sandstone,  the  type  of  the  bed?  above  mentioned  as  forming 
occasional  layers  in  No.  (4).  It  is  of  dark  ^'ray  color,  ami  is 
composed  of  coarse  grains  which  are  by  metamorphic  action 
changed  nearly  to  a  compact  texture.  Specks  of  decayed  feld- 
spar occur,  also  numerous  seams  of  quartz,  and  occasional  im- 
pregnations of  chlorite  and  epidote.  The  bedding  is  almost 
obliterated.  This  is  the  next  most  highly  altered  rock  seen 
by  me  in  the  Primordial  area.  Next  to  this  occure  a  bed  of 
diorite  20  feet  wide,  which  has  aided  in  producing  the  meta- 
morphosis of  the  sandstone  and  the  strata  of  (4).  The  thick- 
ness of  the  sandstone  ia  50  feet  The  diorite  is  composed  of 
hornblende  principally,  with  a  rather  scanty  amount  of  feldspar, 
apparently  albile.  The  hornblende  occurs  in  pretty  large 
particles,  while  the  albite  cements  them  together.  Next  is  a 
band  of  bluish -gray,  coarse  shales,  75  feet  wide ;  then  a  partinllj 
concealed  interval  of  300  feet,  occupied  by  similar  rocks;  then 
for  200  feet,  several  alternations  of  the  same  shales  with  bluisb 
argillaceous  sandstones.  In  these  a  layer  6  feet  wide  of  red 
argillaceous  hematite  is  found.  Then  a  second  bed  of  diorite 
12  feet  wide,  resembling  in  all  respects  the  first  All  of  these 
rocks  have  a  comparatively  low  dip  of  from  30°  to  40°  to  the 
southeast 

(6.)  The  above  beds,  which  are  mostly  sandy  shales,  and  aie 
rather  thickly -bedded  in  layers  of  from  one  to  several  feet,  are 
tacceeded   by  a  baud  o^  ncit^  >ii\^-\arai\Tia.tad,  firm,  olive 
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slates  or  shales,  in  which  the  dip  rises  to  75*^  to  the  southeast 
These  slates,  which  in  fact  are  highly  compressed  shales,  are 
in  places  much  crushed,  and  show  on  their  faces  fine  wrinkles. 
They  are  800  feet  thick.  We  then  have  80  feet  of  indurated 
brown  sandstone,  with  some  chlorite,  and  a  good  deal  of 
partly  decomposed  feldspar  interspersed  in  it  Then  an  interval 
of  concealed  rock  occurs  for  100  feet.  We  then  have  for  160 
feet  several  alternations  of  brownish  argillaceous  sandstones, 
with  greenish  shaly  beds,  in  which  the  dip  comes  down  to 
60^  southeast  Then  very  finely  fissile,  pink-colored  slaty 
shales,  which  weather  purplish  red.  Thickness  200  feet 
About  60  feet  (on  the  east  side)  of  these  shales  differ  from  the 
rest  in  color  alone,  being  greenish  when  fresh,  and  taking  a 
yellow  tint  on  weathering.  Then  for  100  feet  a  bluish  shale  is 
found.  The  two  last  series  of  beds,  (6)  and  (6\  appear  to  be 
the  equivalent  of  No.  (9)  at  Balcony  Falls.  Tneir  combined 
thickness  is  about  1450  feet,  that  is,  provided  no  reduplication 
from  folding  occurs.  This  is  possible,  though  not  probable,  I 
think.  It  will  be  seen  that  these  rocks  are  characterized  by 
the  large  amount  of  ferruginous  matter  which  they  contain,  by 
which  they  are  sharply  distinguished  from  those  which  precede 
and  follow  them. 

(7.)  The  dip  in  the  preceding  series  gradually  declines  until 
it  attains  on  the  west  side  40°  S.E.,  which  is  still  more  de- 
creased in  No.  (7),  where  it  varies  from  80"*  to  40°  S.E.  The 
strata  now  to  be  described  are  the  equivalent  of  the  Potsdam 
sandstone,  and  resemble  No.  (10^  at  Balcony  Falls  in  their 
almost  total  freedom  from  iron  ana  other  coloring  matters,  also 
in  the  great  amount  of  siliceous  matter  and  kaolin  present  in 
them.  But  while  at  Balcony  Falls  we  find  many  layers  of 
very  considerable  thickness  to  be  pure  quartzite,  all  the  strata 
here  have  some  kaolin,  and  this  substance  forms  by  far  the 
greater  part  of  the  rock.  The  system  here  consists  of  a  vast 
number  of  thin  layers,  in  which  we  may  distinguish  three 
classes  of  rock.  a.  A  shale,  pale  gray  to  bluish-gray  when 
fresh,  composed  almost  entirely  of  kaolin,  and  occurring  in 
thin  plates.  6.  This  is  associated  with  a  very  fine-grained  kao- 
lin sandstone,  the  quartz  grains  being  now  perceptible  to  the 
naked  eye.  The  kaolin  still  predominates,  but  this  rock  occurs 
in  slabs  four  to  eight  inches  thick,  and  with  a,  forms  layers  or 
beds  interstratified  with  c,  which  is  a  kaolin  sandstone  of 
moderately  fine  grain,  and  has  often  a  thickness  of  several  feet 
in  the  individual  layers.  The  quartz  grains  are  mixed  with  an 
equal  amount  of  kaolin,  which  here  serves  as  a  cement  for 
them,  and  forms  a  peculiar,  mealy-looking  rock,  which  can  be 
easily  crushed  ana  crumbled  to  a  loose  grit  All  of  these 
varieties  assumed  a  drab  or  pale  yellow  coVot  oh  -^eaXJcifcTOv^v 
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from  the  oxidation  of  the  rainate  amount  of  iron  present,  cia 
almost  alwavs  present  iu  some  portion  of  the  Potsdam  strata, 
and  may  be  considered  in  this  part  of  Vii^inia  to  be  eharacter- 
istic  of  tiiis  formation.  So  clearly  marked  are  the  featnrea  of 
this  material  that  a  fragment  of  it  may  be  recognized  at  s 
glance  wherever  found,  b  and  c  are,  when  fresh,  very  liglit 
gray  in  color. 

The  entire  mass  of  this  matenal  is  bo  shattered  and  broken 
that  it  lies  in  angular  fragment  in  the  beds,  so  that  it  may  be 
removed  with  the  pick  and  shovel.  The  Messrs,  Ro^ws,  in 
their  descriptions  of  the  composition  of  the  lowest  Siluriaa 
strata,  often  speak  of  their  containing  talc  and  imperfectly 
developed  feldspar,  which  they  regard  as  the  product  of  incom- 
plete raetamorpnisra.  While  it  may  be  true  that  such  partisJ 
regeueralion  of  minerals  may  occur  on  the  large  scale  in 
these  strata,  I  have  seen  no  instance  of  it  This  "imperfecllv 
developed  feldspar"  is  simply  kaolin,  which  has  lost  more  or 
leas  of  its  plasticity.  A  qualitative  analysis  of  a  fragment  of « 
gave  me  as  essential  components:  1,  Uncombined  silica  (saniij; 
2,  combined  silica ;  3,  alumina ;  4,  a  little  water,  and  no  potash. 
The  slaty  shales  of  No.  (1)  in  this  section,  which  agree  with 
the  rocks  called  by  Prof.  Rogers  talcoae  slates,  Iiave  no  mag- 
nesia, but  nre  mainly  composed  of  combined  silica  and  alumina, 
witli  ;.  Hi;,rkL-d  amount  of  potiish  and  iron,  :tnd  ;.  yniali  amount 
of  water  and  lime.  The  rock,  c,  contains  also  a  trace  of  iron, 
and  a  little  mica  in  fine  scales.  The  conglomerate  near  the 
base  of  the  system  d;ies  not  contain  crystalline  feldspar, 
because  of  the  greater  metamorphic  action  to  which  it  lias 
been  subjected.  The  finding  of  feldspar  in  all  stages  of  decav 
shows  that  this  mineral  is  undergoing  a  process  just  the 
reverse  of  regeneration,  and  that  strata  composed  of  the  fresh 
particles  of  degraded  crystalline  rocks  have  been  mistaken  for 
rocks  partiaLy  crystallized  by  metamorphic  action. 

The  beds  last  described  have  a  thickness  of  iJOO  feet,  and 
are  succeeded  by  a  partially -concealed  interval,  in  which  50  feet 
of  a  similar  rock  are  shown.  From  this  point,  for  the  sjiaceof 
half  a  mile  no  cuttings  exist*  The  space  outside  of  the  valley 
in  which  the  road  runs  is  occupied  by  low  rounded  hills,  cov- 
ered to  a  great  depth  by  fragments  of  the  rock  last  described. 
So  great  is  this  mass  of  matter  that  in  some  places  where  it  is 
removed  to  be  used  as  ballast  for  the  railroad,  excavations  to 
the  depth  of  thirty  feet  do  not  penetrate  through  it  This  inter- 
val up  to  the  valley  of  the  South  Branch  of  the  Shenandoah,  ?o 
far  as  can  bo  judged  from  the  paitial  exposures,  is  occupied  by 
No.  (7).  Much  of  the  loose  matter  on  the  surface  seems  to  have 
1  be  given.      It  is  ptibq* 
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been  subjected  to  the  action  of  some  transporting  agent,  since 
it  is  mixed  with  more  or  less  clayey  matters.  Its  sharp  angu- 
lar  condition  shows  that  it  has  not  been  moved  far.  Large 
boulders  of  the  metamorphosed  quartzite  occurring  in  No.  (4) 
are  found  in  it. 

Next  to  the  hills  occupied  by  (7)  occurs  the  valley  of  the 
South  Branch,  about  600  yards  wide.  Here  the  strata  are  not 
exposed.  This  space  was  occupied  entirely,  or  in  great  part, 
by  the  shales  overlying  the  Potsdam  strata.  No  very  rehable 
estimate  can  be  given  of  their  thickness,  but  it  cannot  have  been 
under  700  to  800  feet.  They  seem  to  have  been  of  the  same  char- 
acter, except  the  calcareous  matter,  with  those  associated  with 
the  Calciferous  strata,  which  are  found  immediately  on  the  west 
side  of  the  stream.  Here,  at  the  town  of  Waynesboro,  we  have 
the  following  succession  of  strata,  in  which  the  dip  is  again  high, 
viz:  60°  to  the  southeast :  first,  purplish  slaty  shales,  50  feet;  then 
dark  gray,  argillaceous  limestone  of  earthy  texture,  5  feet ;  next, 
greenish  slaty  shales,  15  feet ;  then  dull  purple,  cnlcareous  shales, 
8  feet ;  next,  very  fissile,  yellowish,  calcareous  shales,  40  feet. 
Argillaceous  limestone  follows,  5  feet  thick ;  then  very  fissile, 
dark  gray  shales,  15  feet;  then  10  feet  of  dark  gray,  thin- 
beddea  limestone ;  then  dark  gray,  very  fissile  shales  a^ain,  12 
feet;  lastly,  slabby,  argillaceous  limestone,  passing  into  the 
coarse,  massive  siliceous  limestone  which  usually  closes  this 
series,  60  feet.  It  will  be  seen  that  this  series  is  closely  like 
that  of  similar  age  at  Balcony  Falls.  To  these  rocks  succeeds 
a  wide  belt  of  purple,  greenish  and  gray  shales,  belonging 
probably  to  the  same  epoch.  Then  follows  the  Great  Lime- 
stone of  the  Valley,  the  Auroral,  or  No.  II,  of  the  Messrs. 
Bogers. 

It  will  be  seen  by  a  comparison  of  this  section  with  that 
given  at  Balcony  Fails,  that  the  thickness  of  Nos.  (5)  and  (6) 
in  the  section  here  is  much  greater  than  that  estimated  for 
their  equivalent.  No.  (9),  in  that  section.  A  disparity,  no 
doubt,  exists,  though  probably  not  to  such  an  extent  as  it  thus 
appears  to  do,  since  I  have  under-estimated  rather  than  over- 
estimated the  thickness  of  (9).  Still  there  remains  the  fact  that 
the  proportion  of  shaly  matter  in  the  entire  group  at  Eockfish 
Gap  has  greatly  increased.  This  may  be  due  to  the  nature 
of  the  shores  oi  the  Primordial  sea,  which,  as  we  have  seen, 
were  probably  composed  of  the  fine  chloritic  argillites  of  the 
Blue  Kidge.     Wbat  could  have  been  the  source  of  the  immense 

Quantity  of  kaolin  found  here  and  everywhere  in  the  Primor- 
ial  strata,  and  what  caused  the  almost  total  freedom  of  such 
kaolin  rocks  from  iron,  forms  an  interesting  problem. 

The  following  section  represents  the  junction  of  No.  (1)  of 
the  series  with  the  argillites  of  the  Blue  Ridge,  as  seen  in  the 
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weat  approach  to  the  tunnel  at  Rockfish  Gap.  At  a  are  th« 
heavily -bedded  slates  of  the  mountain,  while  at  h  the  thinlj- 
lamiDated  slaty  shales,  the  lowest  of  the  Primordial  strata,  are 
represented. 

In  the  two  detailed  sections  given 
above  at  Balcony  Falls  and  Rock- 
fish  Gap  I  have  been  thus  minute 
in  my  descriptions,  in  order  that  ihe 
reader  may  determine  for  himself 
how  far  the  one  confirms  the  other. 
At  the  same  time,  the  strata  at  the 
two  places  may  be  taken  as  types  which  best  represent  the 
normal  and  inverted  positions,  and  also  the  changes  which 
result  from  the  different  development  of  certain  members  of 
the  scries. 

Marper't  Ferry. 
The  exposures  at  this  place  are  not  suf&cient  to  admit  of  a 
detailed  section.     Enough,  however,  may  be  seen  to  show  con- 
siderable changes. 

The  argillites,  described  in  a  former  paper,  extend  to  the 
west  about  a  mile  and  a  half  from  the  railroad  bridga  They 
are  then  succeeded  by  the  lower  Primordial  strata,  the  change 
being  (juite  abrupt  The  line  of  junction  is  well  shown  on  the 
Virginia  aide  of  the  Potomac,  on  the  railroad.  The  m&asJTe 
dark  frray  beds  of  argillitc  are  seen  here,  with  a  dip  of  about 
4U°  tn  tlic  soutiicjist,  tij  abut  against  tlie  highly  incimcd,  more 
fragile  lower  Primordial  strata.  The  change  in  the  character 
of  the  rock  is  at  once  seen  in  the  altered  topography.  Tiie 
hilla  no  longer  present  abrupt  faces  of  firm  rock  close  to  the 
road,  but  recede  with  rounded  slopes,  which  are  so  covered 
with  earth  and  fragments  of  ^tone  that  it  is  difficult  to  find  the 
strata  in  iilu.  Tlie  interval  between  the  limesttmes  of  the 
Cafciferous  and  the  argillites  is  about  1,100  feet.  These 
crushed  rocks  are  succeeded  immediately  by  a  high  cliff  of 
Calciferous  hmestone,  between  whose  massive  walls  and  those 
of  the  argillites  the  more  fragile  lower  Primordial  rocks  seem 
to  have  been  compressed  and  crushed. 

On  the  Maryland  side  the  exjwsures  are  better.  The  rock 
forming  the  lower  strata  next  to  the  argillites  seems  to  be  a 
variety  of  the  lowest  slates  seen  at  Rockfish  Gap.  It  differs 
from  them  in  containing  a  greater  proportion  of  siliceous  mat- 
ter in  the  form  of  very  flue  sand,  intimately  mixed  with 
argillaceous  matter  and  kaolin.  This  material  produces  a  fine- 
grained, slaty  sandstone  and  slate,  which,  when  iresh,  has  a  pale 
greenish-gray  color,  but  weathers  with  a  gray  or  yellowish -gray 
color.  Tlie  dip  of  these  strata  is  about  75"  to  the  east-southeast 
They,  as  far  as  seen,  occupy  most  of  the  space  below  the  Gal- 
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iferous.  These  rocks,  in  their  upper  or  more  westerly  portion, 
re  succeeded  by  a  highly-altered  sandstone  of  brownish  color 
ad  rather  coarse  grain.  About  forty  feet  of  this  are  shown. 
b  lies  in  rather  thin  laminae,  and  has  the  same  dip  with  the 
receding.  No  other  strata  were  seen  until  the  Calciferous 
mestone,  distant  one  or  two  hundred  feet,  was  reached.  This 
liter  series  also  shows  important  modifications.  The  entire 
aickness  of  the  strata  lying  below  the  Calciferous  at  Harper's 
'erry  cannot  be  much  over  1,000  feet  So  far  as  seen,  only  two 
arieties  of  rock  occupy  this  space,  viz :  the  slaty  rocks  above 
lentioned,  which  form  by  far  the  largest  portion,  and  the  saud- 
bone,  which  much  resembles  some  of  thequartzites  of  the  lower 
trata  at  Rockfish  Gap.  It  will  thus  be  seen  that,  along  with  the 
reatly  diminished  thickness  of  the  formation,  the  disappear- 
nce  of  most  of  the  coarser  material  seen  to  the  southwest  is  to 
€  noted  here.  It  is  not  impossible  that  some  of  the  beds  have 
•een  en^lfed  in  their  upheaval,  since  on  the  Virginia  side  the 
lanner  m  which  the  argillites  abut  against  the  rrimordial  in- 
ic^tes  that  the  former  were  crowded  in  a  solid  mass  over 
gainst  the  latter. 

The  Calciferous  rocks  at  this  place  are  almost  entirely  lime- 
tones.  Instead  of  the  numerous  alternations  of  shale  and  im- 
>ure  limestone,  which  elsewhere  form  the  lower  beds,  we  have 
ere  only  limestone.  This  is  well  shown  in  the  high  cliff  on 
he  Virginia  side,  which  presents  a  vertical  wall  close  to  the 
ailroad.  This  rock  is  of  dark  blue  color,  and  is  quite  thinly 
tratified.  The  laminse  stand  at  an  angle  of  about  80"^  E.S.E. 
t  is  much  metamorphosed,  with  crypto-crystalline  texture,  and 
las  numerous  small  seams  of  calc-spar  penetrating  it  in  every 
lirection.  Numerous  small  particles  of  fluor-spar  occur  inter- 
persed  in  the  mass.  About  120  feet  were  seen.  The  only 
>ther  member  of  the  Calciferous  seen  here  is  the  curious,  rough, 
oassive  limestone  which  forms  the  upper  member  of  the  series 
iverywhere,  and  which  at  every  exposure  presents  the  same 
)hysical  featurea  This  rock  at  Harper's  Ferry  contains  work- 
ible  deposits  of  iron  ore.  The  excavations  made  on  the 
iiaryland  side  of  the  Potomac  for  the  procuring  of  the  ore 
lave  well  exposed  its  character.  It  lies  immediately  to  the 
vest  of  the  rock  last  described.  From  the  examination  made 
n  the  open  cuts  in  the  iron  mine  about  two  miles  above  the 
bridge,  its  character  seems  to  be  as  follows :  color  dark  gray, 
iracture  rough  and  glistening,  from  its  sub-crystalline  texture. 
The  hardness  and  weight  are  much  above  those  of  ordinary 
Dure  limestone  It  lies  in  masses  of  the  thickness  of  thirty  feet 
ind  more,  without  bedding.  Without  close  examination,  it 
should  be  mistaken  for  a  variety  of  igneous  rock.  The  ore  is 
in  argillaceous  limonite,  occupying  a  seam  varying  in  width 


from  ais  to  ten  feet.  This  seam  is  tlie  decayed  outcrop  of  u 
ai^illnceoQs  layer  higlily  charged  with  pyrites,  for  at  the  depth 
of  forty  feet  the  ore  is  cut  off  by  pyrites.  This,  and  the  otW 
features  of  the  rock,  indicate  that  the  entire  mass  of  limestone 
has  been  metamorphosed  by  the  action  of  water  holding  oiin- 
eml  matters  io  solutioa. 

To  the  west  of  this  limestone  the  usual  formation  of  varifr 
gjited  shales  occura  The  thickness  of  the  limestone  seen  was 
about  ninety  feet 

The  section  at  Harper's  Ferry  thus  indicates  an  increase  in 
the  proportion  of  fine  material  over  that  shown  to  the  sontb- 
west,  along  with  a  great  ilirainution  in  the  total  amount  of 
sedimentary  deposits.  This  fact  explains  the  absence  in  Penn- 
sylvania (as  noted  by  IL  D.  Rogers)  of  the  conglomerates  which 
occur  in  Virginia,  and,  according  to  Safford,  reach  their  great- 
est development  in  Tennessee. 

I  have  given  the  above  sections  in  greater  detail  than  I 
would  have  otherwise  done,  from  the  fact  that  Prof.  Wm. 
B.  Rogers,  in  his  Vii^nia  reports,  does  not  (with  the  exception 
of  the  strata  at  Balcony  Falls)  give  detailed  deseriptions  of  the 
individual  members,  and  the  order  of  succession  of  the  lowest 
Primordial  strata,  the  nature  of  his  report  Jbrbidding  such  de- 
tails. With  the  single  exception  of  the  ScoliUius.  then-  are  no 
fossils  to  be  seen  in  these  lower  rocks  which  can  indicate  tlieir 
age.  It  will  be  seen  from  the  above  notes  that  in  Virginia  we 
have  below  the  Calciferous  limestones  a  great  development  of 
aandstoues,  shales  and  conglomerates,  which  attain  in  the  raid- 
die  portion  of  the  State  a  thickness  of  over  2,000  feet,  and 
increase  in  the  proportion  of  coarse  materials  to  the  sonthwe-'t 
They  probably  attain  greater  thickness  in  that  quarter,  while 
to  the  northeast  the  amount  of  setliment  diminishes,  and  the  ]);■>■ 
portion  of  fine  matter  increases.  Thin  change  is  plainly  due  tfl 
the  increasing  development  to  the  southwest  of  the  syenitic  rocts 
which  formed  the  shores  of  the  ancient  seas,  and  to  the  greater 
violence  in  that  direction  of  disturbing  forces.  The  Potsdam 
sandstone  forms  one  of  the  upper  members  of  this  group. 
Much  further  study  of  these  strata  is  required  to  settle  the 
question  whether  the  entire  !»cries  is  a  great  expansion  of  tiie 
Potsdam,  or  whetlier  divisions  may  be  made  corresponding  to 
other  epochs.  The  fact  that  at  Rockfish  Gap,  and  to  the  south- 
west, a  great  body  of  ferruginous  slatv  snalea  separates  the 
lower,  highly  siliceous  and  altered,  sand^slones  from  the  upper 
kaolin  sandstones  of  prabable  Potsdam  age,  seems  to  indicate  a 
change  in  the  conditions  of  sedimentation  sufficient  to  justify 
Buch  a  division,  in  which  the  Acadian  strata  may  be  found. 
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General  Remarks  and  Cancltmons, 

Having  given  the  above  brief  indication  of  the  possible  rela- 
ms  of  the  lower  Primordial  strata  to  each  other,  i  will  devote 
small  space  to  pointing  out  the  apparent  relations  of  these 
rata  to  the  metamorphic  crystalline  rocks  of  the  Blue  Eidge. 
im  aware  of  the  fact  that  not  enough  has  been  done  to  justify 
all  cases  positive  conclusions. 

In  my  paper  on  the  Blue  Eidge  of  Virginia,  published  in  the 
.nuary  ana  February  Nos.  of  this  Journal,  I  gave  a  descrip- 
m  of  certain  coarse  syenites  and  granites,  which,  in  the  vi- 
aity  of  Balcony  Falls  and  the  Peaks  of  Otter,  compose  a  large 
►rtion  of  the  Blue  Eidge,  and  which  appear  farther  to  the  east 
the  short  ranges  of  Tobacco  Eow  and  No  Business  Moun- 
ins.  From  the  stratigraphical  relations  and  composition  of 
ese  rocks,  it  is  plain  that  they  are  of  Laurentian  age. 
'hether  the  gneisses  along  the  east  foot  of  the  Blue  Eidge, 
d  the  syenites  near  Lynchburg,  which  appear  to  break 
rough  the  mass  of  slaty  rocks  which  occupy  most  of  the 
untry,  belong  to  this  system  or  to  the  slates,  remains  to  be 
itermined.  These  Laurentian  rocks  evidentlv  increase  in 
eir  developrnent  from  the  northeast  portion  of  the  State  to 
e  southwest. 

Lying  along  and  upon  the  eastern  slopes  of  the  syenites  of 
e  Blue  Eidge,  in  the  region  of  Balcony  Falls,  a  formation 

argillites  occurs,  which,  in  the  northeast,  occupy  the  entire 
•ace  up  to  the  Primordial  strata.  These  rocks  are  covered  to 
e  east  by  a  series  of  mica  slates,  schists,  gneisses,  etc.,  dis- 
)sed  in  a  great  synclinorium  which  has  its  axis  in  the  vicinity 

the  Catoctin  Mountains.  This  axis  is  occupied  by  talcose 
nestones,  quartzites,  mica  slates,  hydromica  slates,  etc.,  stand- 
g  nearly  vertical  These  latter  strata  in  every  respect  bear  a 
ost  striking  resemblance  to  the  rocks  described  by  Prof  Dana 
found  in  Berkshire  Co.,  Mass.  This  entire  belt  of  slaty,  semi- 
etamorphic  strata,  is  bounded  on  the  east  by  a  line  drawn  from 
>rtheast  to  southwest,  and  passing  through  a  point  four  or 
re  miles  west  of  Alexandria,  the  eastern  part  of  Louisa  Co., 
id  by  Columbia,  on  James  Eiver.  It  will  be  readily  seen 
at  these  rocks  have  all  the  characteristics  of  the  Green  Moun- 
in  series.  I  think  that  in  this  broad  belt  at  least  two  systems 
list,  one  older  than  the  Primordial  strata,  and  the  other  com- 
)sed  of  metamorphosed  Silurian.  The  argillites  of  the  Blue 
idge  belong  to  the  former.     Whether  these  are  of  Laurentian 

Huronian  age,  I  cannot  undertake,  in  the  present  lack  of 
{tailed  examinations,  to  decida  Their  unconformability  with 
e  coarse  syenites  apparently  shows  them  to  be  of  later  forma- 
)n.  How  much  of  the  mica  slates  and  schists,  if  any,  is  of  the 
me  age  with  the  argillites  remains  to  be  seen.      I  need  not 
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repeat  here  the  evidence  given  elBcwhere  in  this  paper,  provii^ 
that  the  argillites  are  more  ancient  than  the  Primordial  rocks. 
The  evidence  for  the  supposed  fact  that  the  limestones  and 
associated  rocks  found  m  tbe  axis  of  the  synclinorinm  are 
metamorphosed  Silurian  ntrata,  is  by  no  means  so  positive 
The  following  points  lead  me  to  such  a  conclusion :  1.  The 
position  of  the  strata,  since  they  occupy  the  center  of  the 
aynclinorium.  2.  Their  nature,  associations  and  dij>.  The 
rocks  here  found  associated  do  not  exist  in  other  jjarts  of  the 
belt  Stated  briefly,  they  consist  of  two  ledges  of  limestone, 
80  to  100  feet  thick,  enclosed  in  a  vast  mass  of  mica  slate,  and 
separated  from  each  other  by  an  interval  of  from  two  to  three 
miles,  principally  occupied  by  the  mica  slates,  in  which  occor 
two  ledges  of  qiiartzite,  each  about  100  feet  thick.  This  mode 
of  occurrence  indicates  reduplication  by  folding.  The  dip  is 
nearly  vertical,  while  on  each  sifie  the  strata  dip  towani  lieni. 
3.  Prof.  Rogers  states  that  in  certain  parte  of  the  quartzites  of 
this  series  he  saw  enclosed  fragments  of  mica  slate,  i.  At  a 
slate  quarry  in  the  rocks  of  this  series,  occurring  id  Bucking- 
ham Co.,  on  the  east  of  the  Cutoctin  Mountains,  Credner  states 
that  he  found  undoubted  specimens  of  a  cyatbophvUoid  coral. 
He  does  not  give  a  more  particular  description.  He  also  states 
that  thev  were  badly  pr(>sorved.  t  have  not  visited  this  quarry. 
but  propose  to  do  so.  Should  Credner  not  have  been  mi.stakeo, 
his  discovery  would  of  course  indicate  the  Silurian  age  of  the 
slates  of  the  quarry. 

Before  closing  this  paper,  I  will  add  a  few  remarks  on  meta- 
morphism,  suggested  by  my  studies  of  the  Virginia  rocki 
Some  writers  on  the  subject  attribute  regional  metamorphisra 
mainly  to  three  agencies,  viz :  1.  Increased  heat  and  pressure, 
caused  by  thick  deposits,  2.  The  saturation  of  the  strata  witli 
moisture.  3.  The  change  of  motion  into  heat,  which  involves 
a  considerable  disturbance  of  the  metamorphosed  region.  I  have 
not  observed  that  close  connection  between  the  first  and  third 
of  the  above-mentioned  agents,  and  the  degree  of  metamorphisra 
in  a  given  region,  which  should  exist  if  these  bear  to  each 
other  the  relation  of  cause  and  effect  In  order  to  show  this. 
I  must  compare  the  condition  of  the  strata  in  certain  part=  of 
the  State,  which,  in  the  amount  of  metamorphisra  pos.sessed  by 
them,  stand  in  strong  contrast  For  the  purpose  of  this  com- 
parison I  shall  C!il!  the  belt  of  country  lying  between  the 
western  edge  of  the  great  valley  of  Virginia  and  the  Blue 
Bidge  Mountains,  a  portion  of  which  is  described  in  this  Mfier, 
the  Primordial  belt  The  region  extending  from  the  Blue  Ridge 
eastward,  and  bounded  by  the  northeast  and  southwest  line  given 
above,  may  be  styled  the  Middle  belt  On  the  east  of  this  belt 
and  between  it  aod  i\ie  TlertAarj  9,\.Ta.t;i  "nhlch  extend  some  dis- 
**ioe  inland  froiQ  tbe  K'tXaTvUt,  \%  ^  ftnT^.  \i^i!^  q«s«j*&.  \s^ 
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rocks  of  very  difiFerent  character  from  any  occurring  on  the 
first  and  second  belts.  This  region  may  be  called  the  Eastern 
belt.  The  general  character  of  the  strata  occupying  it  closely 
resembles  that  of  the  rocks  of  the  '*  White  Mountain  system. 
The  structure  of  this  belt  stated  briefly,  seems  to  be  as  follows : 
The  lowest  strata  are  certain  heavily-bedded  granitoid  gneisses, 
composed  of  a  little  quartz,  black  mica,  and  the  feldspars, 
albite  and  orthoclase.  These  show  themselves  abundantly  near 
Richmond  and  Petersburg.  Passing  to  the  west,  these  strata 
seem  to  be  dispose<l  in  broad  undulations,  which  sometimes 
bring  them  up  through  the  overlying  schistose  strata,  especially 
along  certain  lines  where  true  igneous  eruptive  rocks  penetrate 
them.  These  massive  beds  are  covered  by  a  comparatively 
thin  formation  of  typical  gneisses  and  mica  schists,  abounding 
in  quartz  and  mica.  The  overljring  rocks  are  gneisses  in  the 
eastern  portion  of  the  belt  and  mica  schists  in  the  center,  which 
become  homblendic  toward  the  western  edge.  These  schistose 
rocks  are  disposed  for  much  of  the  distance  in  broad  anticlinals 
and  synclinals,  the  strata  over  considerable  spaces  having 
generally  a  dip  of  40**-60°,  except  where  it  is  steepened  by 
the  protrusion  of  the  underlying  rocks,  caused  by  local  dis- 
turbances. This  entire  system  is  remarkable  for  tfie  thorough 
metamorphism  of  the  rocks,  all  the  ccmstituents  being  well  seg- 
regated in  large  particles. 

Now  if  we  compare  the  amount  of  metamorphism  existing 
in  the  strata  of  the  several  belt*?,  we  shall  find  it  increasing  in 
a  remarkable  manner  as  we  proceed  from  the  Primordial, 
through  the  Middle,  to  the  Eastern  belt 

I  have  already  in  this  paper  pointed  out  the  difference  in 
the  amount  of  alteration  snown  in  associated  argillaceous  and 
siliceous  Primordial  beds,  and  stated  that  I  have  seen  nowhere 
in  the  Primordial  belt  the  production  over  extensive  areas  of 
anything  more,  than  the  first  stages  of  metamorphism.  It  is 
true  that  certain  strata  exhibit  a  higher  degree  of  change,  but 
this  is  always  due  to  intensified  local  action.  If  we  pass  from 
the  lowest  Primordial  strata  into  those  of  the  Middle  belt,  we 
aote  an  abrupt  changa  The  metamorphism  of  this  belt  is 
miversal,  but  still  not  complete.  The  rocks  are  all  crystalline, 
but  the  individual  particles  are  small,  and  the  masses  which 
ihey  form  show  more  or  less  want  of  cohesion.  In  the  thin 
juartzites  of  the  east  slopes  of  the  Blue  Ridge  the  texture  is 
jompact,  and  impregnations  of  metamorphic  products  occur. 
But  in  the  quartzites  along  the  Catoctin  Mountains  we  may 
3asily  detect  the  separate  grains  of  sand.  The  mica  schists  and 
peisses  of  the  entire  belt  rarely  show  scales  of  mica  more  than 
tour  or  five  millimeters  long,  and  quartz  in  free  particles  is  not 
3ommon. 
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The  disturbauce  of  the  strata  in  this  area  is  much  less  thun  I 
that  which  ia  found  in  the  Primordial  belt.     The  strata  ov«  I 
considerable  spaces  are  disposed  in  wide  arches  and  esteneive  1 
rolls,  lying  at  n  comparatively  low  angle.     Yet  in  such  regioLs  I 
they  are  as  luUy  changed  as  where  they  stand   oq  end,  and.   < 
indeed,  are  often  more  so.     From  many  indications,  I  am  con- 
vinced that  the  most  disturbed  portions  were  thus  atlected,  a/ler   I 
the  regional  metamorpbism  had  been  produced,  and  that  these 
later  convulsions  produced  only  intense  local  change.     Id  the 
absence  o(  measurements,  no  positive  conclusions  can  be  drawn 
as  to  the  comparative  thickness  of  these  semi-metamorphic 
strata,  but  the  indications  are  that  it  does  not  surpass,  if  it 
equals,  the  united   thickness  of  the  more  highly   convulsed 
rocks  which  lie  to  the  west  of  their.. 

In  the  Eastern  belt  the  strata  are  thoroughly  altered,  and  in 
theooarsenessof  the  crystallization,  and  Gnu,  unyielding  chanc-  | 
ter  of  the  rock,  contrast  strongly  with  those  of  the  Miutlle  belL 
The  massively  bedded,  underlying  granitoid  rocks  are  apper 
ently  of  different  age  from  the  overlying  schistose  strata,  being 
probably  Laurentian.  Still,  in  the  amount  of  metaniorphism 
exhibited,  they  do  not  surpass  the  latter.  These  schistose 
strata,  which,  as  previously  stated,  have  the  gent?rBl  character  ' 
of  the  "White  Monniain  aeries,"  do  not  exhibit  that  incre.oseii 
amount  of  disturbance  and  of  thickness  that  should  exist  if 
thcBe  were  the  principal  causes  of  their  highly  altered  condition. 
On  the  contrary,  these  deposits  appear  to  be  thinner  than  those 
of  either  of  the  other  belu,  and  are  plainly  less  disturbed  than 
the  Primordial  strata.  As  to  the  presence  of  moisture  suffi- 
cient to  produce  metamorpbism,  the  most  favorable  conditions 
must  have  existed  in  the  Primordial  belt,  as  this  is  known  lo 
have  been  covered  with  the  water  of  the  ancient  seas  certainly 
to  as  late  a  period  as  either  of  the  other  belts. 

In  examining  the  geological  structure  of  the  State  from  east 
to  west,  I  have  not  found  any  such  connection  between  the 
flexures  as  would  justify  the  conclusion  of  Prof.  H.  D.  Bogers, 
that  the  Appalachian  system  of  folds  extends  to  the  Atlantic, 
and  that  they  are  more  compressed  next  to  the  ocean,  while 
they  open  out  in  proceeding  west  Indeed,  I  do  not  see  how 
he  himself  could  nave  come  to  any  such  conclusion,  after  an 
inspection  of  his  "  Susquehanna  Section  "  alone. 

Such  a  connection  between  the  flexures  of  the  Silurian,  De- 
vonian, and  Carboniferous  areas  does  exist,  but  the  Blue  Ridge 
ifl  the  initial  point  on  the  east,  and  it  may  be  accounted  for 
by  the  fact  that  their  flexures  were  mainly  produced  by  a  com- 
mon cause  acting  in  one  period. 

On  the  contrary,  the  folds  of  the  eastern  belt  are  mostly 
wider  than  those  touud  m  the  other  belts,  and  independent  of 
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Art.  XLV. — Preliminary  Inquiry  into  the  Existence  of  Elements 
in  the  Sun  not  previously  U^aced;*  by  J.  NoRMAN  LocKYER. 

In  a  paper  communicated  to  the  Royal  Society  on  December 
12,  1872  (Phil.  Trans.  1873,  p.  258),- 1  have  shown  that  the  test 
formerly  relied  on  to  decide  the  presence  or  absence  of  a  metal 
in  the  sun,  namely,  the  presence  or  absence  of  the  brightest  and 
strongest  lines  of  the  metal  in  question  in  the  average  solar 
spectrum,  was  not  a  final  one,  and  that  the  true  test  was  the 
presence  or  absence  of  the  longest  lines  of  the  metal :  this  long- 
est line  being  that  which  remains  longest  in  the  spectrum  when 
the  pressure  of  the  vapor  is  reduced. 

Of  the  test  in  question  I  have  said  in  the  paper  already  men- 
tioned, *'  It  is  one,  doubtless,  which  will  shortly  enable  us  to 
determine  the  presence  of  new  materials  in  the  solar  atmos- 
phere, and  it  is  seen  at  once  that  to  the  last  published  table  of 
solar  elements — ^that  of  Thal6n — ^must  be  added  zinc,  aluminium, 
and  possibly  strontium,  as  a  result  of  the  new  method." 

lu  order  to  pursue  the  inquiry  under  the  best  conditions, 
complete  maps  of  the  long  and  short  lines  of  all  the  elements 
are  necessary.  It  is,  however,  not  absolutely  necessary  for  the 
purposes  of  a  preliminary  inquiry  to  wait  for  such  a  complete 
set  of  maps,  for  the  lists  of  lines  given  by  the  various  observers 
may  be  made  to  serve  as  a  means  of  differentiating  between  the 
longest  and  shortest  lines,  because  I  have  also  shown  that  the 
lines  given  at  a  low  temperature,  by  a  feeble  percentage  com- 
position, or  by  a  chemical  combination  of  the  vapor  to  be 
observed,  are  precisely  those  lines  which  appear  longest  when 
the  complete  spectrum  of  the  pure  dense  vapor  is  studied. 

Now  with  regard  to  the  various  lists  and  maps  published  by 
various  observers,  it  is  known  (1)  that  very  different  tempera- 
tures were  employed  to  produce  the  spectra"  some  investigators 
using  the  electric  arc  witn  great  battery  power,  others  the  induc- 
tion spark  with  and  without  the  jar ;  (2)  that  some  observers 
employed  in  certain  cases  the  chlorides  of  the  metals  the  spectra 
of  which  they  were  investigating, — others  used  specimens  of  the 
metals  themselves. 

It  is  obvious,  then,  that  these  differences  of  method  could 
not  fail  to  produce  differences  of  result ;  and  accordingly,  in  re- 
ferring to  various  maps  and  tables  of  spectra,  we  find  that  some 
include  large  numbers  of  lines  omitted  by  othera  A  reference 
to  these  tables  in  connection  with  the  methods  employed  shows 
at  once  that  the  large  lists  are  those  of  observers  using  great 

*  Extract  from  a  memoir  presented  to  the  Royal  Society  in  November,  1873, 
wliidi  has  just  been  printed  in  the  "  Philosophical  Transactions ;"  here  cited  from. 
Nature  of  Feb.  35, 1876. 


i30        J.  N.  Lockyer — Exiatence  of  Eltmeiita  in  the  Sun. 

battery  power  or  metallic  electrodes,  the  small  ones  tboae  of  1 
observers  using  smaU  battery  power,  or  the  chlorides.     If  &e 
lists  of  the  latter  class  of  observers  be  taken,  we  shall  have  only 
the  longest  lines,  while  those  omitted  by  them  and  given  by  ll 
former  class  will  be  the  shortest  lines.  i 

In  cases  therefore  in  which  I  had  not  mapped  the  apeclrtim    j 
by  the  new  method  of  observation  referrwl  to  in   my  paper,  I   ] 
trave  taken  the  longest  lines  as  thus  approximately  determined ; 
for  it  seemed  desirable,  in  view  of  the  very  large  number  of 
nnnamed  lines,  to  search  at  once  for  the  longest  eleraentHl  lines  in 
the  solar  spectrum  without  waiting  for  a  complete  set  of  mnps. 

A  preliminary  search  having  been  determined  on,  I  endeav- 
onred  to  get  some  "uidance  by  seeing  if  there  was  any  quahty 
which  diflerentiaten  the  elements  already  traced  in  the  sun  from 
those  not  traced ;  and  to  this  end  I  requested  my  a.ssistant,  Mr. 
R.  J.  Friswell,  to  prepare  two  lists  showing  broadly  the  chief 
chemical  characteristics  of  the  eleraenla  traced  and  not  traced 
This  was  done  by  biking  a  number  of  the  best  known  com- 
pounds of  each  element  (such,  for  instance,  as  those  formed 
with  oxygen,  sulphur,  chlorine,  bromine,  or  hydrogen),  staling 
after  each  whether  the comi»ounda  in  question  were  unstable  or 
stable.  Where  any  compound  was  tnown  not  to  exist,  that 
fact  was  indicated. 

Two  tables  were  thus  prepared,  one  containing  the  solar,  the 
other  the  more  important  non-solar  elements  (according  to  our 
knowledge  at  the  time). 

These  tables  gave  me,  as  the  differentiation  sought,  the  tact 
that  in  the  main  the  known  solar  elements  formed  stable  oxygen- 
compounds. 

I  have  said  in  the  main,  because  the  differentiation  was  not 
absolute,  but  it  was  sufficiently  strong  to  make  me  commence 
operations  by  searching  for  the  outstanding  strong  oxide-form- 
in^elements  in  the  sun. 

The  result  up  to  the  present  time  has  been  that  strontium, 
cadmium,  lead,  copper,  cerium,  and  uranium,*  in  addition  to  tbof« 
elements  in  ThaliSn's  last  list,  would  seem  with  considerable 
probability  to  exist  in  the  solar  reversing  layer.  Should  the 
presence  of  cerium  and  uranium  be  subsequently  confirmed, 
most  of  the  iron  group  of  metals  will  thus  liave  been  found  iu 
the  sun. 

As  another  test,  certain  of  those  elements  which  form  un- 
stable compounds  with  oxygen  wei'e  also  sought  for,  gold,  silver, 
mercury  being  examples.     None  of  these  were  found. 

The  same  result  occurred  when  the  lines  due  to  the  jar-spark 
taken  in  chlorine,  bromine,  iodine,  and  those  of  some  of  the 
other  non-metals  were  sought,  these  being  distinguishable  as  a 
group  by  formation  oi  tomi^unds  with  hydrogen. 
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Now  other  researches,  not  yet  completely  ready  for  publica- 
tion, have  led  me  to  the  followiog  conclusions : 

I.  The  absorption  of  some  elementary  and  compound  gases 
is  limited  to  the  most  refrangible  part  of  the  spectrum  when 
the  gases  are  rare,  and  creeps  gradually  into  the  visible  violet 
part,  and  finally  to  the  red  end  of  the  spectrum,  as  the  pressure 
IS  increased 

II.  Both  the  general  and  selective  absorption  of  the  photo- 
spheric  light  are  greater  (and  therefore  the  temperature  of  the 
pnotosphere  of  the  sun  is  higher)  than  has  beea  supposed. 

III.  The  lines  of  compounds  of  a  metal  and  iodine,  bromine, 
&c,  are  observed  generally  in  the  red  end  of  the  spectrum,  and 
this  holds  good  for  absorption  in  the  case  of  aqueous  vapor. 

Such  spectra,  like  those  of  the  metalloids,  are  separated  spec- 
troscopically  from  those  of  the  metallic  elements  by  their  col- 
umnar or  banded  structure. 

IV.  There  are  in  all  probability  no  compounds  ordinarily 
present  in  the  sun's  reversing  layer. 

V.  When  a  metallic  compound  vapor,  such  as  is  referred  to 
in  III,  is  dissociated  by  the  spark,  the  band  spectrum  dies  out, 
and  the  elemental  lines  come  in,  according  to  the  degree  of  tem- 
perature employed. 

Again,  although  our  knowledge  of  the  spectra  of  stars  is 
lamentably  incomplete,  I  gather  the  following  facts  from  the 
work  already  accomplished  with  marvelous  still  and  industry 
by  Secchi  oi  Rome. 

VL  The  sun,  so  far  as  the  spectrum  goes,  may  be  regarded  as 
a  representative  of  class  {ff)  intermediate  between  stars  (a)  with 
much  simpler  spectra  of  the  same  kind,  and  stars  {y)  with  much 
more  complex  spectra  of  a  diflferent  kind. 

VIL  Sirius,  as  a  type  of  a,  is  (1)  the  brightest  (and  therefore 
hottest  ?)  star  in  our  northern  sky ;  (2)  the  blue  end  of  its  spec- 
trum is  open;  it  is  only  certainly  known  to  contain  hydrogen, 
the  other  metallic  lines  being  exceedingly  thin,  thus  indicating 
a  small  proportion  of  metallic  vapors ;  while  (3)  the  hydrogen 
lines  in  this  star  are  enormously  distended^  showing  that  the  chro- 
mosphere is  largely  composed  of  that  element 

Tnere  are  other  bright  stars  of  this  class. 

VIIL  As  types  of  y  the  red  stars  may  be  quoted,  the  spectra 
of  which  are  composed  of  channelled  spaces  and  bands.  Hence 
the  reversing  layers  of  these  stars  probably  contain  metalloids, 
or  compounds,  or  both,  in  great  quantity ;  and  in  their  spectra 
not  only  is  hydrogen  absent,  but  the  metallic  lines  are  reduced 
in  thickness  and  intensity,  which  in  the  light  of  V,  anle^  may 
indicate  that  the  metallic  vapors  are  being  associated.  It  is  fair 
to  assume  that  these  stars  are  of  a  lower  temperatvii^  ^Xi'^u  c^x^t 
sun. 


I  have  asked  myself  whether  all  the  above  facts  cannot  b« 
'roiiped  together  in  a  working  hypothesis  which  assumes  that  ' 
in  the  reversing  layers  of  the  fluu  and  stars  various  degrees  of  I 
"  celestial  discociation  "  are  at  work,  which  dissociation  preventt  I 
the  coming  together  of  the  atoms  which,  at  the  temperature  of  ' 
the  earth  and  all  artificial  temperatures  jet  attained  here,  com- 
pose the  metals,  the  metalloids,  and  compounda.  i 

On  this  working  hypothesiB,  tbe  so-called  elements  not  pre*  i 
6nt  in  the  reversing  layer  of  a  star  will  be  in  course  of  forma- 
tion in  the  coronal  atmosphere  and  in  course  of  destruction  as 
their  vai>or densities  carry  them  down;  and  their  absorption 
will  not  only  be  small  in  eonaequence  of  the  reduced  prejsure 
of  that  region,  but  what  absorption  there  is  will  probably  be 
limited  wholly  or  in  great  part  to  the  invisible  violet  end  of  ihe 
spectrum  in  the  case  of  such  bodies  as  tlie  pure  gases  and  tbeT 
combinations,  and  chlorine.     (See  I.  ante.) 

The  spectroscopic  evidence  as  to  what  mav  be  called  tiie 
plasticity  of  the  molecules  of  the  metalloids,  including  of  conrw 
oxygen  and  nitrogen,  but  excluding  hydrogen,  is  so  overwhelm- 
ing, that  even  the  absorption  of  iodine,  although  generally  it  is   i 
transparent  to  violet  light,  may  (aa  I  have  found  in  a  repetiUoD   I 
of  Dr.  Andrews'  experiments  on  the  dichroism  of  iodine,  in   ' 
which  I  oliserved  tiiu  speotraiii)  in  jiiirtbc  liriveii  into  the  violet 
end  of  the  spectrum,  for  iodine  in  a  solution  in  water  or  alcohol 
at  once  gives  up  its  ordinary  absorption  properties,  and  stops 
violet  light* 

A  preliminary  comparison  of  the  ordinary  absorption  spec- 
trum of  a  stratum  of  6  ft.  of  chlorine  renders  it  not  improbable 
that  chlorine  at  a  low  temperature  is  the  cause  of  some  of  the 
Fraunhofer  lines  in  the  violet,  although,  as  said  before,  I  have 
notyetobfciined  certain  evidence  as  to  the  reversal  of  the  brighl 
lines  of  chlorine  seen  in  the  jar-spark. 

There  is  also  an  apparent  coincidence  between  some  of  the 
feint  Fraunhofer  lines  and  some  of  the  lines  of  the  low  tem- 
perature absorption -spectrum  of  iodine. 

Should  subsequent  researches  strengthen  the  probability  of 
this  working  hypothesis,  it  seems  possible  that  iron  meteorites 
will  be  associated  with  the  metallic  stars  and  stony  meteorites 
with  metalloidal  and  compound  stars.  Of  the  iron  group  of 
metals  in  the  sun,  iron  and  nickel  are  those  which  exist  in 
greatest  quantity,  as  I  have  determined  from  the  number  of 
UneB  reversed.  Other  striking  facts,  such  as  the  presence  of 
hydrogen  in  meteorites,  might  also  be  referred  to. 

An  interesting  physical  speculation  connected  with  this  work- 
ing hypothesis  is  the  effect  on  the  period  of  duration  of  a  stars 
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leat  which  would  be  brought  about  by  assuming  that  the  oriffi- 
aal  atoms  of  which  a  star  is  composed  are  possessed  with  tne 
increased  potential  energy  of  combmation  which  this  hypothesis 
endows  them  with.  From  the  earliest  phase  of  a  starts  life  the 
dissipation  of  enercy  would,  as  it  were,  bring  into  play  a  new 
supply  of  heat,  and  so  prolong  the  starts  light. 

May  it  not  also  be  that  if  chemists  take  up  this  question 
which  has  arisen  from  the  spectroscopic  evidence  of  what  I  have 
before  termed  the  plasticity  of  the  molecules  of  the  metalloids 
taken  as  a  whole,  much  of  the  power  of  variation  which  is  at 

f  resent  accorded  to  metals  may  be  traced  home  to  the  metalloids  ? 
need  only  refer  to  the  fact  that,  so  far  as  I  can  learn,  all  so- 
called  changes  of  atomicity  take  place  when  metalloids  are  in- 
volved, and  not  when  metals  alone  are  in  question. 

As  instances  of  these,  I  may  refer  to  the  triatomic  combina- 
tions formed  with  chlorine,  oxygen,  sulphur,  &c.,  in  the  case  of 
tetrad  or  hexad  metals. 

May  we  not  from  these  ideas  be  justified  in  defining  a  metal, 
provisionally,  as  a  substance,  the  absorption-spectrum  of  which 
is  generally  the  same  as  the  radiation-spectrum,  while  the  metal- 
loids are  substances  the  absorption-spectrum  of  which,  generally, 
is  not  the  same?  In  other  words,  in  passing  from  a  cold  to  a 
comparatively  hot  state,  the  plasticity  of  these  latter  comes  into 
play,  and  we  get  a  new  molecular  arrangement  Hence  are  we 
not  justified  m  asking  whether  the  change  from  oxygen  to 
ozone  is  but  a  tvpe  of  what  takes  place  in  all  metalloids  f 

My  best  thants  are  due  to  Mr.  E.  J.  Friswell  for  the  valuable 
aid  he  has  afforded  me  in  these  investigations. 


Art.  XL VI. — On  the  occurrence  of  the  Brown  Hematite  Depos- 
its of  Ae  Cheat  Valley;  by  Frederick  Prime,  Jr.* 

The  Great  or  Cumberland  Valley,  which  (under  a  variety  of 
names)  extends  from  Canada,  through  Vermont,  Massachusetts, 
Connecticut,  New  York,  Pennsylvania,  Maryland,  Virginia  and 
East  Tennessee  to  Alabama,  is  composed  in  part  of  limestones 
lying  immediately  above  the  Potsdam  sandstone.  Geologically, 
they  belong  to  the  era  between  the  Potsdam  and  Trenton,  and 
are  commonly  termed  Calciferous.  A  peculiarity  of  these  lime- 
stones is  their  great  richness  in  limonite  or  brown  hematite  ores, 
which  form  a  large  part  of  the  charges  of  the  many  blast-fur- 
naces situated  on  tneir  outcrops.  The  mines  from  which  the 
ores  are  obtained  are  (properly  speaking)  only  pits  or  quarries, 

^  A  paper  read  before  the  Amer.  Inst  of  Mining  Engineers  at  Ke^  Hai^«^  Y^V^. 
26th,  1875. 
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from  which  the  ore  is  extracted  by  means  of  picks  or  sliovels, 
powder  never  being  employed. 

The  ore  doea  not  occur  casually  at  any  point  in  the  iime- 
atone,  but  forDJS  regular  lines,  f<Mlowing  apparently  the  ont 
eropB  of  certain  beds.  In  Lehigh  County,  Peun.,  where  I  have 
been  engaged  on  the  geological  survey  of  the  State  during  lie 
past  season,  there  are  three  or  four  of  these  lines.  During  the 
progress  of  the  survey  I  was  mucli  struck  by  the  fact  that  liie 
two  most  important  and  promising  lines  of  outcrop  were — one, 
at  the  base  of  the  cirstalline  seniats  (forming  the  South  or 
Lehigh  Mountain),  and  overlying  the  Potsdam  anndstone  con- 
formably ;  the  other,  near  the  line  of  junction  of  the  Calciferoat 
limestone  with  the  Hudson  River  slates.  The  mines  aloDg 
these  two  lines — following  the  topography  of  the  countrv— 
were  in  place,  richer  and  more  permanent  than  those  of  ibe  , 
belts  between,  which  had  been  more  decomposed  m  situ  aod  ( 
were  generally  leaner. 

A  pecuhanty  of  these  two  lines  of  outcrop,  and  one  to  wbtdi 
I  particularly  desire  to  draw  attention,  is  the  occurrence  of 
what  I  at  first  mistook  for  a  highly  altered  slaty  limestone,  bat 
which  on  subsequent  analysis  jjroved  to  consist  in  great  [.lart 
of  damourite  (hydrated  potash-mica).  The  following  are  aniily- 
ses  of  this  damou rite-slate  : 

L  lh\jm  Fo^-ehv'illc,  LtJiigli  County,  wkhin  a  few  huodfcii 
feet  of  the  contact  of  limestone  and  slate,  by  Dr.  F.  A.  Gentb. 
IL  From  Hensingerville,  Lehigh  County,  within  300  feet  of 
gneiss,  by  Mr.  Sydney  Castle  of  the  University  of  Pennsylvania. 
IIL  From  Allentown,  Lehigii  County,  within  150  feet  of 
contact  of  the  limestone  with  Potsdam  sandstone  :  by  Mi 
Pedro  G.  Salom  of  University  of  Pennsylvania. 

IV.  From  another  quarry  close  to  Ilf ;  also  by  Mr.  Salom. 
L  n.  III.  IV. 

SiOg 

CO, 

FejO, 

AUO, 

FeO 

MgO 

CaO 

Na.O 

KaO 

HaO 


As  typical  damourite  contains  lX-77  p.  c.  of  potash,  it  is  evi- 
dent from  the  above  analvses  that  I.  contains  55-40  p.  tof 
damourite ;  II,  49-70  v-  '^^  '^^^^ ^%^\.^ \  wxi  W , ^830  ?. e. 
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1  77 
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Oil 

trace 

trace 

9-85 

0-74 

0-27 

1-51 

0-52 
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e  remainder  of  the  slate  consists  of  ferruginous  clay,  quartz, 
i  carbonates  of  lime  and  magnesia. 

[  have  noticed  that  as  a  rule  the  fresh  damourite-slate  can 
ly  be  observed  where  a  mine  is  being  worked ;  when  fresh  it 
Nhite  to  straw -yellow  in  color,  has  a  greasy  feel  and  very  slaty 
Lture,  being  composed  of  minute  crystalline  plates.  As  soon 
work  is  stopped  in  a  mine  the  slate  commences  to  decompose 
d  becomes  rapidly  converted  to  a  white  or  yellow  clay,  the 
ter  color  being  due  to  oxide  of  iron.     Indeed,  in  many  mines 

slate  can  be  observed  at  all,  the  whole  of  it  being  changed 
clay  prior  to  the  opening  of  the  pits. 

I  have  made  a  qualitative  examination  of  both  white  and  yel- 
V  clays  from  the  same  mine  as  I,  and  close  to  the  spot  where 
3  slate  was  obtained.  I  found  them  to  contain  the  same 
^edients  as  1. 

That  the  damourite-slate  belongs  to  the  Calciferous  and  not 
the  Laurentian  or  Huronian  periods,  is  evident  from  the  fact 
It  it  is  found  forming  a  bed  in  the  limestone  immediately 
erlying  the  Potsdam  sandstone  and  conformably  to  the  latter, 
le  ore  is  always  found  above  the  clay  or  damourite-slate, 

at  least  in  the  upper  portions  of  it,  never  below  it ;  and 
aally  in  streaks  or  masses  precisely  in  the  manner  noticed  by 
of.  W.  P.  Blake*  at  Ocoya  Creek,  California ;  and  from  the 
inner  in  which  the  ore  occurs  it  appears  to  have  been  de- 
sited  by  the  percolation  of  waters  contiiining  iron  in  solution. 
le  ore  also  occurs  as  so-called  **  bombshell  ore,"  and  this  ore 
len  hollow  either  contains  water  or  the  clay  resulting  from 
5  decomposition  of  the  damourite-slate.  The  interior  sur- 
e  of  this  bombshell  ore  is  frequently  glazed,  apparently  bv 
:hin  coating  of  manganese  oxides,  and  often  contains  small 
lactites,  the  ore  clearly  indicating  its  aqueous  origin,  and  its 
mation  subsequent  to  the  rock  or  clay  inclosing  it. 
So-called  pipe  ore  is  also  found, — though  more  rarely  in  this 
trict — but  under  difiFerent  conditions,  being  always  found 
derneath  a  bed  of  limestone,  and  evidently  formed  by  the 
•eolation  of  ferruginous  waters  through  this  bed.  I  have 
/er  seen  the  pipe  ore  in  large  quantities  at  any  one  point  or 
ociated  with  the  slate  or  clay. 

[f  this  occurrence  of  the  damourite-slate  or  clay  and  ore  was 
rely  local,  it  would  be  scarcely  worth  noticing ;  bnt  in  fact 

find  that  the  slates  or  clays  are  almost  universally  asso- 
ted  with  the  iron  ores  of  the  Calciferous  epoch.  They  are 
trefore  of  the  greatest  importance. 

Professor  Dana,  in  a  private  letter  to  me,  mentions  the 
jurrence  of  slates  with  tne  brown  hematite  deposit  of  Eich- 
od,  Berkshire  County,  Massachusetts.     Profesaot  SAi^^^i.^ 

♦  SeePadUo  R.  B.  Reports^  voL  v,  p.  168. 
/  A  Report  on  the  QeoL  Survey  of  Connectictit,  by  C.T3.  StMepp^s^^-*^^- 


in  writing  of  the  ore  bed  at  Kent,  Counecticut,  speaks  of  lie- 
coinposed  micaceous  gneiss  (?)  called  by  tbe  workmen  "grey 
fuller's  earth,"  and  also  of  "  decomposing  quartzv  mica-slate." 
We  meet  with  this  association  of  slate  or  clay  and  ore  in  Lehigh 
County,  Penn, 

Professor  Lesley  also  speaks  of  this  occurrence  in  his  "  Report 
on  the  Brown  Hematite  Deposits  of  the  Nittany  Valley,  Penn." 
Here  there  ai-e  npparently  three  lines  of  mines,  to  judge  fmm 
the  map  accompanying  the  report  Professor  Persifor  Fraiwr, 
Jr.,  informs  me  that  he  found  the  same  association  of  white 
clay  with  ore  in  York  County,  Penn. 

Pi-ofeasor  Lesley f  gives  a  sketch  of  what  be  calls  "ore- 
bearing  slates"  lying  lietween  the  Potsdam  and  Calciferous of 
the  Cumberland  Valley.  These  are  evidently  datnon rite-slates, 
for  he  proceeds  in  the  article  to  speak  of  while  clays  formed  by 
their  decomposition.  The  same  association  is  found  in  Mary- 
land and  Vii^inia  in  the  valleys  forming  the  Great  Valley. 

Professor  Lesley*  speaks  of  the  occurrence  of  white  clay  with 
ore  in  the  same  tormatiim  at  Embreeville,  East  Tennessoe.  It 
also  occurs  at  Shelbyville,  Alabama. 

It  is  therefore  evidpnt  thiit  the  occurrence  of  this  slate  or 
clay  with  the  brown  hematite  ores  of  the  Calciferous  epoch  ii 
the  rule,  its  absence  tbe  ejcceptjon.  As  Professor  Lealeyf  ^js : 
"  They  (the  ores)  never  occur  in  any  other  relationships.  iSaq 
are  the  same  ores,  in  the  same  rocks,  arranjrefl  io  the  same  way, 
the  whole  diHiiiiice  fnjm  Massac  I  iiisetl.s  to  Alabama.  Conse- 
qnently  what  is  gcolotrically  true  of  the  ore  beds  at  Salisburr 
and  Amenia,  east  of  the  Hudson,  is  true  all  the  way  to  Ala- 
bama." 

Formerly  the  states  probably  covered  the  sides  of  the  moun- 
tain ranges  now  forming  their  south  boundary,  resting  on  crys- 
talline limestone,  which  separated  them  from  Potsdam  sandstone.  \ 
On  account  of  the  large  amount  of  carbonate  of  lime  which  the 
slates  probably  contained  and  the  ease  with  which  they  were 
converted  to  clay,  they  have  suffered  the  most  in  the  erosion 
which  has  taken  jilace.  My  own  experience  has  been  that  the 
slate  and  clay  occur  under  the  ore,  and  not  the  reverse. 

From  this  constant  occurrence  of  the  slate  with  the  ore  it  is 
evident  that  the  former  has  exerted  an  important  influence  on 
the  deposition  of  the  ores:  and  I  think  that  the  presence  of 
the  slate  was  necessary  to  such  deposition,  in  that  it  formed  an 
impervious  bed  through  which  ike  chalybeate  waters  could  not  per- 
colate. Whatever  may  have  been  the  manner  in  which  the  ore 
originally  existed,  it  was  deposited  in  and  above  the  .ilates  from 
an   ai^ueous  solution.     Under  these  circumstances,  it  will  be 
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highly  improbable  that  we  shall  find  continuous  deposits  of  the 
brown  hematite  ores  when  the  slate  or  clay  does  not  occur 
with  them. 

With  respect  to  the  quantity  of  ore,  Professor  Lesley,  in  his 
paper  on  the  Cumberland  Valley,  says  it  will  depend :  '*  First, 
on  the  original  charge  of  iron  in  the  strata ;  second,  on  the  dip 
of  these  strata;  and  third,  on  the  depth  beneath  water-level  to 
which  the  mouldering  decomposition  of  the  strata  and  the  per- 
oxidation and  concentration  of  the  iron  has  extended." 

There  is  much  difference  of  opinion  as  to  how  these  deposits 
of  brown  hematite  ores  can  have  been  formed.  Dr.  Hunt,  in  a 
paper  read  before  the  National  Academy  of  Sciences  in  Novem- 
oer,  1874,  gives  it  as  his  opinion  that  they  were  once  beds  of 
pyrites  in  Huronian  schists,  now  decayed.  I  have  shown  in 
the  commencement  of  this  paper  that  they  are  Cakiferous 
slates  or  schists ;  and  were  the  ores  formed  by  the  alteration 
of  pyrites  in  situ,  we  should  find  kernels  of  iron-pyrites  which 
haa  escaped  alteration,  especially  in  the  deepest  mines.  This 
is  not,  however,  the  casa  Iron  pyrites  are  found  very  rarely  ; 
as,  for  example,  in  Breinig's  mine  near  Allentown,  and  one  of  the 
Glendon  Iron  Company's  mines  near  Easton;  and  these  mines 
are  not  the  deepest  we  have,  the  former  being  quite  shallow. 

Professor  Lesley*  thinks  the  ores  "were  deposits  in  loco 
originali  of  the  iron  (as  hydrated  peroxide)  set  free  from  the 
limestone  or  dolomite  rocks  during  their  gradual  erosion  and 
dissolution ;"  agreeing  in  this  respect  with  Dr.  R  M.  S.  Jackson, 
who  made  the  first  geological  survey  of  the  Nittany  Valley  ore 
beds  in  1838  or  1889.  Of  course,  only  the  carbonates  of  lime 
and  magnesia  would  be  dissolved;  the  clay,  iron  and  silica 
would  remain  behind.  Were  this,  however,  the  case,  should 
we  find^wA,  unciecompo^ec^  damourite-slate  conformably  in  posi- 
tion with  limestones  above  and  below  it,  as  can  be  seen  at  the 
Lehigh  Iron  Company's  limestone  quarry  at  Allentown,  Penn.  ? 
From  what  I  have  seen  in  Lehigh,  Northampton  and  Berks 
Counties,  Penn.,  I  have  been  led  to  the  following  conclusions, 
which  I  advance  with  considerable  reluctance,  as  I  consider  it 
extremely  dangerous  to  argue  from  observations  within  a  lim- 
ited area  to  general  conclusionaf 

*  Lesley,  Report  on  the  Brown  Hematite  deposits  of  the  Nittany  Valley. 

♦  Prot  0.  U.  Shepard,  in  his  Report  on  the  Geological  Survey  of  Connecticut, 
poblished  in  1837,  says :  '^  The  origin  of  limonite  in  these  rocks  ['  mica  slate,  mi- 
caceous gneiss  or  quartz-rock  'J  may  be  attributed  to  the  decomposition  of  the 
snlphuret  of  iron  and  other  ferruginous  minerals  with  which  they  are  known  to 
abound.  It  is  obvious  also  that,  in  a  majority  of  instances,  this  change  took  place 
in  the  original  repositories  of  these  minerals ;  since  no  perceptible  derangement 
is  discoverable  in  the  layers  of  the  ore-bed.  or  want  of  conformity  in  them  to  the 
adjacent  rock."  This  view,  adding  limestone  to  the  rocks,  has  been  found  by 
Dana  to  accord  fully  with  the  various  facts  in  the  limonite  region  of  Western 
Coimecticut  and  Massachusetts.— Eds.] 


The  ikmourite-slates,  being  the  products  of  the  decompoa- 
tion  of  primary"  rocks  containing  orthoclase  and  probably  oli- 
goclase,  or  alfiite,  were  deposited  in  the  Silurian  sea  during 
the  Calciferous  epoch  and  near  ita  com  men  cement  At  AUen- 
town  and  Bethlehem,  Penn.,  the  slates  are  but  50  to  100  feet 
above  the  Potsdam  sandstone,  with  a  blue  massive  limestoDO, 
generally  crystalline,  between  the  two.  Limestone  was  again 
depoaited  above  the  slate.  I  am  not  yet  prepared  to  saj 
whether  more  than  one  bed  of  damourile-siate  was  formed,  ana 
reserve  an  opinion  on  this  point  until  I  have  made  further 
exploration  a 

The  brown  hematites  were  probably  formed  by  the  oxidatioo 
of  iron  pyrites,  but  the  former  are  not  in  the  same  place  that 
the  latter  were.  My  reasons  for'  this  assertion  are  twofold-  In 
the  fii-st  place,  the  animal  carbon  of  the  organisms,  whose  shells 
fonned  tne  enormous  quantity  of  dolomite  or  limestone,  exista 
in  such  quantities  throughout  the  limestone  as  to  color  ths 
rock,  the  zinc  blende  (of  Friedensville)  and  the  carbonate  of  iron 
a  bluish-grey.  This  same  carbon  would  readily  reduce  the  sul- 
phate of  iron  carried  into  the  ocean  to  iron  pyrites,  As  a  prwrf 
of  this  re<luction  I  need  only  mention  that  iron  pyrites  nave 
been  (bund  in  the  mud*  of  a  pond.  Secondly,  the  great  major- 
ity of  the  brown  hematites  which  I  have  had  analysed,  and  they 
are  niiiny,  coutaina  fracd  of  sulphur,  usually  not  more  than  a  fe< 
liiiiidiviitlis  of  a  |ier  cent.  I  have  also  found  minute  (almost 
miorijscoj)ii;|  crvst;ils  of  iniii  ])_vrites  in  much  of  the  limestone, 
where  it  is  opened  in  qiinrriea ;  and  I  have  also  seen  in  much  of 
this  same  limestone,  where  weathered,  minute  cavities,  which  I 
have  ascribed  (perhaps  erroneously),  from  their  general  appear 
anee,  to  the  decomposition  of  the  pyrites. 

It  is  at  present  impossible  to  say  whether  the  pyrites  from 
wliicli  tliu  hrown  hematite  ores  were  and  are  forming  were  thus 
mimiteiy  disseminated  through  the  iimestone,  or  whether  there 
was  a  bed  of  the  limestone^now  decomposed, — especially  rich 
in  the  pyrites. 

In  either  case  it  would  seem  that  the  pyrites  above  water- 
level— and  we  must  bear  in  mind  the  great  erosion  which  the 
surface  of  the  country  lias  undergone  since  it  was  formed— 
would  oxidize  from  the  action  of  the  water  and  the  air  carried 
in  by  it,  forming  protosulphate  of  iron.  This  being  readUv 
soluble  in  water,  was  carried  down  through  the  limestone,  form- 
ing sulphate  of  lime  (gypsum)  and  carbonate  of  iron  wherever 
the  solution  came  in  contact  with  the  fresh  limestone.  This 
reaction  was,  however,  probably  slight,  owing  to  the  rapid 
descent  of  the  solution  in  seeking  the  water-level.  It  experi- 
enced no  difficulty  in  its  descent  until  it  came  in  contact  witli 
*  OmeliD — Kraut's  Haudbuch  d«r  Chemie,  6th  ed.,  toL  iii,  p.  333. 
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le  damourite-slate,  when,  meeting  with  an  impervious  bed,  it 
>uld  not  descend  an^  farther  and  was  then  obliged  to  follow 
le  slates.  This  considerably  retarded  the  rapidity  of  its  flow, 
ermittitig  the  reaction  between  the  limestone  (and  the  carbon- 
tes  of  lime  and  magnesia  in  the  damourite-slate)  and  proto- 
dlphate  of  iron  to  take  place  more  completely.  By  this  means 
artx)Date  of  iron  was  deposited,  being  but  slightly  soluble ; 
fhile  the  sulphate  of  lime  (gypsum)  formed,  being  very  soluble, 
vas  carried  off  in  solution. 

No  doubt  many  of  the  limestone  caves — so  common  in  the 
Oalciferous  limestones — were  formed  by  the  dissolving  action 
(rf  the  water  containing  prot<^sulphate  of  iron.  The  subsequent 
formation  of  the  limonite  is  easily  explained,  being  merely  the 
oxidized  and  hydrated  product  of  the  carbonate  oi  iron. 

In  fact,  a  bed  of  blue  carbonate  of  iron,  identical  in  appear- 
ince  with  the  ordinary  limestone  and  Friedensville  zinc-blende, 
occurs  with  the  brown  hematite  ores  at  Balliet^s  mine  near 
Allentown  and  at  one  of  the  Hellertown  mines  near  Bethlehem. 
It  does  not  occur  at  many  of  the  mines  in  the  Lehigh  Valley  ; 
Aose  being  the  only  mines  where  I  know  of  its  occurrence.  The 
very  feet  of  this  occurrence  would  tend  to  show  that  the  above- 
mentioned  reaction  has  taken  place  and  was  the  one  by  which 
the  ore  was  formed.  This  reaction  would  also  explain  why  the 
brown  hematites  which  occur  in  limestone  are  almost  always 
free  from  sulphur,  merely  containing  a  trace ;  and  yet  almost 
always  containing  this  trace.  As  a  proof  of  this,  I  give  the  anal- 
ysis of  a  brown  hematite  which  occurs  at  Katahdin  Furnace, 
Rscataquis  County,  Maine.  The  analysis  was  made  by  Pro- 
fessor T.  M.  Drown  of  Lafayette  College.     It  aflfbrded 
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Professor  Drown  informs  me  that  the  rock  underlying  the  ore 
was  siliceous  in  chamcter,  thus  giving  the  sulphuric  acid  no 
opportunity  to  combine  with  lime  and  be  carriea  away. 

The  objection  may  be  raised  to  this  view  of  the  case,  that  we 
do  not  anywhere  find  any  deposits  of  gypsum.  It  must  be  borne 
in  mind  that  gypsum  is  readily  soluble,  and  would  be  carried 
a  considerable  distance  in  solution  before  being  precipitated. 
I  can  also  point  to  one  very  considerable  deposit  of  gypsum  in 
this  formation  ;  that  of  Saltville  in  Eussell  County,  Virginia 

It  may  be  urged — ^and  I  confess  with  much  show  of  reason — 
bbat  the  iron  was  first  present  in  the  limestone  as  carbonate. 
As  one  example  of  this  may  be  adduced  the  following  instance, 
for  which  I  am  indebted  to  Professor  Dana.  "  In  one  of  the 
brown  hematite  mines  at  Richmond,  Berkshire  County,  Massa- 
ebusetts,  there  was  exposed,  about  fifteen  moT\l\\^  ^o^  ^  %T^<dX 
maas  of  massive  c&rbonate  of  iron,  which  was  oiice  «i  ^t\.  ciS.  \Xi^ 
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limeBtone  of  the  region.  It  appeared  to  have  resisted  decom- 
position in  conseqaence  of  its  compactness  and  purity.  Theit 
la  limonite  of  great  thickness  all  about  it,  which  naa  been  mai 
bj  the  decomposition  oTthe  limestone  and  its  included  carbon- 
ate of  iron,  or  its  carbonate  of  iron  and  lime ;  for  an  extensi« 
ledge  of  limestone  riaes  above  the  great  pit  or  excavation  wi 
its  north  aide,  whose  layers  are  conJbrmable  to  that  of  the  dim- 
si ve  carbonate  of  iron  in  the  bottom  of  the  mine.  The  maleriil 
between  the  two  must  have  originally  been  calcareous:  it  il 
now  gone  and  there  ia  Umonite  in  ita  stead.'' 

The  fact  here  mentioned  tends  to  prove  that  the  limoRite  »« 
probably  originally  present  as  carbonate  of  iron  and  that  the 
outer  and  possibly  less  compact  portion  of  the  deposit  beauue 


It  seems  to  me  that  in  this  instance,  as  in  those  nt  Balliel's 
mine  and  Hellertown.  we  have  a  caae  of  alteration  of  the  hme- 
atone  to  carbonate  of  iron  particle  by  particle,  or,  so  to  lerta  it, 
"a  pseudomorph  by  replacement." 

My  objection  to  the  original  deposition  of  the  carbonate  of 
iron,  as  such,  iu  tiie  Calciferons  epoch  is  threefold.  In  the  Grd 
place,  it  should  be  uniformly  distrihute<l  through  the  limestoaa 
and  not  confined  merely  to  the  tiorizon  just  above  the  damour* 
ite-slaleii.  Then  there  should  not  be  even  the  traos  (the  few 
hundredths  of  a  per  cent)  of  .iiilphur  in  the  brown  ht-matites, 
which  we  so  uniformly  find,  And  finally,  there  seems  to  be  i 
lack  of  cause,  such  as  exists  in  the  case  of  the  carbonates  of  lime 
and  magnesia.  For  these  were  secreted  by  tlie  marine  animals 
to  form  their  shells,  &c.,  which  would  not  be  the  case  with  csa^ 
bonate  of  iron. 

In  conclusion,  I  would  once  more  point  to  the  fact  that  what- 
ever the  origin  of  brown  hematites  may  have  been,  the  eaiise 
of  their  deposition,  where  they  arc  now  found,  must  have  been 
the  damourite-sJates. 

Lofayotte  College,  E&aton,  P&,  Feb.  32,  1815. 


Abt.  XLVII. — A'ote  on  some  New  Points  in  thf  ElemtntaTy 
Stratification  of  tlie  Primordial  and  Canadian  Rocks  of  &ulk 
Central  Wisconsin ;  by  Eolasd  IhviNG. 

The  order  always  hitherto  accepted  for  the  Lower  Silurian 
strata  of  Wisconsin  has  been  as  follows,  beginning  below: 

I.  The  Potsdam  Sandstone — 600-700  feet  in  thickness;  in  its 
upper  portions  somewhat  dolomitic;  fossiliferous  in  localities 
near  the  Upper  Mississippi  and  St  Croix  Rivers.  ] 

n.  77ie  Lower  Magnesian  Limestone— ^00-250  feet  in  thick- 
ness; cMeflj  apuTO  do\Qni\\ft,«.tii%ixQJ«X'«\v!awA^<!«a\la,  j 
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HL  The  St  Peter's  Sandsioite-^O-lOO  feet  in  thickness ;  for 
e  most  part  a  coarse  quartzose  sandstone ;  at  times  with  ferru- 
Qous  cement,  at  others  loi^e  and  incoherent 
IV.   The  Blue  and  Buff  Limestones. 

V.  The  Oalena  Limestone. 
T"I.  The  Cincinnati  Oroup. 

During  the  past  season  I  have  been  able  to  make  some 
odifications  in  this  scheme,  as  far  as  the  Potsdam,  Lower 
agnesian,  and  St  Peter's  are  concerned,  for  the  region  of  south 
ntral  Wisconsin,  especially  in  Dane  and  Columbia  Counties. 
be  succession  now  made  out  is  as  follows,  beginning  below : 

L  The  Lower  or  Potsdam  Sandstone 800  feet 

IL  The  Mendota  Limestone 30    " 

in.  The  Madison  Sandstone 36    " 

IV.  The  Main  Body  of  Limestone.   80-120    " 

V.  The  St.  Peter's  Sandstone 80-100    " 

VI.  The  Buff  and  Blue  Limestones. 

L  The  Potsdam  Sandstone. — In  the  region  of  the  **Four 
ike  Country,"  about  Madison,  in  Dane  County,  only  the  upper 
yers  of  this  great  formation  are  to  be  seen.  Farther  north,  in 
»uthem  Columbia  County,  the  northerly  rise  of  the  rocks  brings 
wer  layers  to  view.  In  all  this  region  the  upper  50-100  feet 
'  the  formation  are  decidedly  dolomitic,  but  nevertheless  are 
3ry  different  and  easily  distinguished  from  the  overlying 
^endota  limestone.  Borings  from  artesian  wells  at  Madison  and 
mesville  go  to  show  that  some  dolomitic  admixture  continues 
.  the  sandstone  to  within  200  to  800  feet  of  the  Archsean, 
hich  is  entered  by  two  borings  at  Madison.  The  lowest  lay- 
8  seem,  however,  to  be  a  coarse  quartzose,  non-dolomitic  mate- 
aL  The  dolomitic  admixture  in  the  upper  layers  amounts  to 
)  or  20  per  cent  In  the  Janesville  well  there  was  some  indi- 
.tion  of  the  existence  of  a  distinct  layer  of  limestone  at  a 
;ry  considerable  depth  in  the  Potsdam.  Scolithi  are  the  only 
dications  of  life. 

II.  The  Mendota  Limestone. — This  limestone  has  everywhere 
the  rerion  around  Madison,  and  in  fact  wherever  recognized, 
5ry  marked  characters.  It  has  always  a  peculiar  yellowish, 
rty  appearance,  and  is  frequently  stained  oy  reddish  patches 
id  seams  of  non-hydrated  oxide  of  iron.  Layers  of  green  sand 
«ur,  especially  alfout  the  junction  with  the  underlying  sand- 
one.  This  limestone  is  usually  heavy-bedded  below  and  thin- 
$dded  to  shaly  above.  It  is  always  to  some  extent  arenaceous. 
i  localities  it  is  fossiliferous,  carrying  trilobites  especially,  and 
ost  common  among  them  the  DUceUocephalus  Afinnesotensis, 
'  some  very  similar  form.  The  fossil  locality  at  Mazomanie, 
1  the  west  side  of  Dane  County,  which  is  alluded  to  by  Hall 
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in  hLs  monograph  on  the  Fauna  of  the  Potsdam  Sandstone,*  ii 
doubtless  at  the  horizon  of  the  Mendola  limeslooa  The  Dsint 
Mendota  is  given  from  the  exposures  on  Lake  Mendottt  in  Dane 
County,  where  tlie  rock  was  tirst  recognized  as  a  separate  sin- 
torn. 

ni.  Tht  Madison  Sandstone. — This  sandstone  having  heen 
first  recognized  in  the  vicinity  of  the  city  of  Madison,  where  it 
is  largely  used  as  a  biiildinu  stone,  I  have  thought  proper  u 
give  It  til  is  name  provisionally.  It  is  in  its  lower  portions^ 
ways,  and  in  its  upper  most  commonly,  a  very  uoaree  qiiartzca 
sandBtone,  conBisting  of  very  much  rolled  grains  of  limpd 
quartz,  without  admixture  of  dolornitic  material,  or  with  only* 
very  slight  amount  Frequently  the  rock  is  an  incoherent  mast 
of  white  sand.  In  other  cases  there  is  an  admixture,  or  ce- 
ment, of  hydrated  oxide  of  iron,  the  rock  having  a  brownisb 
hue,  tlie  oxide  staining  the  grains  of  limpid  quartz  superficially 
only.  In  some  localities,  M;ain,  the  upper  layers  are  deeideiily 
doloinitic,  and  then  the  rock  becomes  a  builifing  stone  of  eon- 
Bidcrahle  value.  Tliis  layer  of  sandstone  has  been  recognized 
over  a  wide  area  south  and  east  of  the  Wisconsin  River.  The 
dolornitic  varieties  contain  from  ten  to  twenty  per  cent  of  cil- 
oium  and  magnesium  oarbonatea. 

rV.  The  Main  Body  of  Limestone. — This  limestone  is  never 
more  thiin  85  feet  in  thickness  in  the  region  around  Madison, 
Farther  north,  in  Columbia  County,  it  reaches  an  extreme  of  120 
feet.  It  consists  of  three  portions,  not  always  well  defined  from 
one  another,  but  still  distinct.  Tliesc  are,  beginning  below :  (1) 
thin,  often  irregular  layers,  carrying  near  the  base  persistent 
layers  of  green  sand,  and  immediately  at  the  junction  with  the 
Madison  sandstone  a  very  pecnliar  siliceous  oolite  laver,  a  few 
inchna  m  thickncsa  This  ooVito  consists  of  rt»iiit]&i  granules 
j'j"  to  I'l"  i"  diameter,  closely  packed  in  a  pulverulent  siliceous 
matrix,  the  whole  having  a  milky  white  color.  The  smaller 
granules  are  seen  under  the  microscope  to>  be  single  grains  of 
limpid  quartz,  the  larger  ones  being  aggregations  of  quartz 
grains.  This  layer  is  astonishingly  persistent,  ha%-ing  been 
seen  everywhere  where  the  base  of  this  limestone  is  exposed, 
and  at  points  many  miles  apart  The  whole  thickness  of  this 
portion  of  the  formation  is  about  20  feet  (2)  Yery  heavilv 
and  indistinctly  bedded  light  buff  limestones,  brealcing  with 
a  conchoidal  fracture  and  carrying  considerable  chert  in  nod- 
ules, in  thickness  about  20  feet;  (3)  the  upper  layers  of  the 
formation,  in  general  consisting  of  (a)  thin-bedde'3  layers,  (b) 
very  heavily -bedded  layers,  carrying  very  numerous  large  chert 
concretions  and  continuous  chert  layers,  and  (c)  concretionary 
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and  brecciated  layers.  In  none  of  these  subdivisions  have  any 
fossils  been  seen. 

V.  SL  Peter's  Sandstone. — This  formation  appears  with  its 
usual  characters,  except  that  east  of  Madison  it  presents  a  very 
marked. deviation  from  its  usual  very  uniform  thickness  of  100 
feet,  being  reduced  as  low  as  40  feet 

On  the  Mississippi  River  bluffs,  in  the  vicinity  of  "Winona 
and  La  Crosse,  and  again  farther  south,  there  exists,  so  far  as  now 
known,  between  the  Potsdam  and  St  Peter's  sandstone,  200- 
260  feet  of  dolomite  without  sandstone  layers.  Farther  north- 
west^ there  occurs  in  the  valley  of  the  Minnesota  River — accord- 
ing to  Professor  N.  H.  Winchell,  State  geologist  of  Minnesota — 
the  following  succession  of  strata,  beginning  below : 

L  The  Lower  or  Potsdam  Sandstone. 

IL  The  St  Lawrence  Limestone. 

HL  The  Jordan  Sandstone 60  feet 

rV.  The  Shakopee  Limestone 70    " 

V.  The  St  Peter's  Sandstone. 

His  description  of  the  characters  of  the  Shakopee,  Jordan, 
and  St  Lawrence  beds  shows  that  these  strata  are  respectively 
very  strikingly  like  my  Main  Body  of  Limestone,  Madison 
Sandstone,  ana  Mendota  Limestone.  Future  investigations  may 
show  that  the  Jordan  and  Madison  sandstones  are  somewhere 
continuous,  in  which  case  Mr.  Winchell's  names  would  appro- 
priately be  extended  to  the  Wisconsin  strata.  So  far  as  now 
known,  however,  the  two  regions  in  which  these  similar  alterna- 
tions occur  are  separated  by  an  area  where  all  merge  into  a  mass 
of  limestone  whose  thickness  is  much  greater  than  their  com- 
bined thickness. 

The  following  schedule  serves  to  show  the  probable  equiva- 
lence of  the  strata  in  these  different  regions : 


o 

South  Central  Wisconflin. 

Mississippi  BlnfFs. 

Minnesota  River. 

St  Peter's  Sandstone. 

St  Peter's  Sandstone. 

St  Peter's  Sandstona 

ICain  Body  of  Limestone, 
80  to  120  feet, 

Lower  Magnesian 

Limestone, 

200  to  260  feet 

Shakopee  Sandstone. 
70  feet 

Madison  Sandstone,  36  ft 

Jordan  Sandstone,  60  ft. 

Mendota  Limestone. 
30  feet 

St  Lawrence  Limestone. 

Lower  or  Potsdam 
Sandstone. 

Lower  or  Potsdam 
Sandstone. 

Lower  or  Potsdam 
Sandstone. 

TJnlTertity  of  THsoonsin,  February  13, 1876. 
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Art.  XLVIII.  -  On,  the  appHcalioji  of  the  Horizontal  Pendulum  to 
t/ie  measurement  of  minute  changes  in  tlie  dimensions  of  iSolid 
Bodies;  by  0.  N.  Rood,  Professor  of  Phjsics  in  Columbii 
College. 

[Read  before  the  National  Academy  of  Sdsnces,  KoT.  4th,  1811.] 

In  figure  1,  let  RR  represent  an  inflexible  rod  of  steel  placed 
horizontally,  and  supported  at  its  extremities  by  pivots  on 
which  it  turns  freely,  and  let  W  be  a  weight  inflexibly  atlsclial 
to  the  rod  as  iudieated.  It  is  evident  that  WA  wlieo  left  to  il- 
,  self  will  assume  a  vertical   positioo,  sad 

that  the  whole  apparatus  will  constimw 
essentially  an  ordinary  pendulum.  U 
now  an  attructive  or  repulsive  force  I* 
made  to  act  on  W,  the  pendulum  wili 
tend  to  be  deflected  from  its  vertiial 
position,  and  if  the  force  is  sufficienlly 
powerful  a  suneible  deflectiou  will  be  ob- 
served. In  an  arntngement  of  this  kini 
aside  from  friction,  the  opposing  tbroe 
of  course  be  the  attraction    of  gravitO' 


% 


to  be  overcome  wil 

tion ;  if,  however,  we  graduallv  elevate  the  rod  RR,  the  gravity 
component  will  diminish,  and  become  zero  when  RB,  is  veilical 
and  consequently  AW  horizontal.  In  his  articles  on  the  Hori- 
zontal Pendulum,  Zollner*  has  shown  experimentally  how  this 
may  be  accomplished  to  an  almost  incredible  extent,  so  ihai  an 
app:iratus  of  this  general  nature  in  his  hands  became  capahj* 
of  obeying  even  the  feeble  attractive  force  of  the  moon  ! 
I  give  here  a  diagram  of  Zollncr's  horizontal  pendulum;  st 
W  is  the  weight,  the  inflexible  rod  being  re- 
placed by  fine  steel  wire  or  walch-sprine, 
stretched  as  shown  on  the  vertical  column  CC, 
the  whole  being  supported  by  a  tripotl  with 
leveling  screws.  P  is  a  counterpoise;  M;tmir- 
'  ror  for  reflecting  the  divisions  of  a  scale  Vis 
telescope.  The  height  of  this  apparatus  ".la 
about  30  inches;  it  was  mounted  on  apierlike 
an  astronomical  instrument,  and  enclosed  ins 
small  building  by  itself,  the  observations  bdng 
made  from  without. 

In  the  remarkable  papers  above  referred  to, 
Zollner  also  pointerl  out  the  extreme  sensitive- 
ness of  this  apparatus  to  changes  in  level,  and  it  at  once  oc- 
curred to  me  that  by  suitable  modifications  and  additions,  il 
oould  be  converted  into  an  instrument  of  unprecedented  deiicacr 
&f  studying  m\Tiute  c\iangea  \u  SJat  Svtt\.e,-a?.wag,  of  solid  bodies 
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•rangement  of  a  Horizontal  Pendulum  for  measuring   minute 

distances. 
The  apparatus  constructed  by  me  was  almost  entirely  of 
ass ;  tbe  dimensions  were  as  follows :  the  height  of  the 
hular  column  CC,  fig.  8,  was  350  mm. :  distance  ab,  fig.  4,  5 
n.  ;  distance  aW,  58  mm. ;  weight  of  pendulum,  187  grama, 
arly.  The  whole  was  supported  on  a  well  braced  and 
niiy  constructed  wooden  atand,  which  was  hung  by  ita  upper 
d  on  the  brick  walls  of  the  college-building,  and  again  at- 
;lied  to  them  below,  so  as  to  prevent  vibrations  independent 

the  walls  of  the  building  itself 

An  inspection  of  Zollner's  apparatus  shows  that  its  form  was 
ch  as  to  render  the  column  CC,  fig.  1, 
ite  liable  to  vibrations  of  ita  own  ;  ^' 

is  1  guarded  against  by  the  addition 

three  long  and  tbe  same  number  of 
jrt  cross  braces,  as  shown  in  fig.  3; 
;y  were  found  to  make  a  most  marked 
ange  for  the  better,  and  gave  the  in- 
unient  a  stability  which  it  previously 
1  not  possess. 

Again,  the  German  astronomer  pro- 
led  no  means  for  bringing  his  instru- 
snt  to  rest,  and  in  his  published  ob- 
■vationa  this  actually  never  was  the 
le,  the  extremes  of  the  oscillations 
ing  employed  for  ascertaining  the  po- 
ion  of  the  pendulum.     As  this  mode 

takinsT  readings  was,  in  my  case, 
ing  to  the  locality  and  nature  of  the 
rk,  wholly  out  of  the  question,  it 
;ame  necessary  to  supply  this  defect.  Very  good  results 
re  obtained  simply  by  attaching  to  the  pendulum  a  wire 
it  in  a  series  of  zig-zags,  and  immersed  in  a  box  filled 
:h  oiive-oil.  By  removing  with  the  pliers  successive  por- 
Ds  of  the  wire,  it  was  found  that  matters  could  be  arranged 

that  the  instrument  came  to  rest  after  a  couple  of  oscil- 
ions.  The  oil-box  rested  on  a  little  table  provided  with 
k-work  to  adjust  its  height  and  remove  it  when  necessary  ; 
is  shown  at  T  in  fig.  8;  its  dimensions  were  ns  follows: 
gtli  70  mm.,  breadth  30  mm.,  depth  32  mm.  The  wire  was 
ced  of  course  as  near  the  center  of  the  box  as  possible, 
1  the  effects  of  capillarity  were  not  sensible.  The  above 
angement  is  the  one  actually  employed  in  making  the  ex- 
'inaents  detailed  below,  but  I  have  some  reaaou  to  suspect 
t,  owing  to  ita  viscosity,  there  was  a  tendency  qtv  iXi*  "jm^  oV 
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the  pGiidulum,  ajier  it  had  once  come  to  rest,  to  obey  impuL^es 
from  witbout  more  tardily  tbaa  was  quite  rigbt.  To  ooviat^ 
this  possible  difBculty  I  afterward  provided  the  pendulum  with 
a  paddle  instead  of  a  wire,  and  caused  the  former  to  move 
iooselj'  like  a  piston  in  the  interior  of  a  suitable  box,  wbicii 
was  entirely  submerged  in  kerosene  oil ;  the  results  were  verr 
promising,  but  I  have  not  bad  time  to  use  this  method  in  an 
extended  set  of  experiments. 

At  SS,  figa.  8  and  4,  are  stops  which  confine  tbe  motion  of 
the  pendulum  wjlbin  narrow  limils: 
they  consist  of  spiral  springs,  which 
are  fitstened  in  the  prolongation  of 
adjusting  screws.  Tne  springs  tonu 
an  essential  part  of  this  indispensa- 
ble arrangement,  and  without  their 
aid  it  was  often  found  impossible  W 
complete  the  leveling,  so  as  to  give 
the  instrument  even  a  moderate  dt 
gree  of  sensitiveness. 

At  I,  figs.  8  and  4,  is  Bhown  an 
index  or  pointer,  intended  to  ftxiii- 
tate  the  adjustment  of  the  penJo- 
lum  with  regard  to  tbe  scale.  sliI 
reatiily  bring  it  into  the  zero  of  jw- 
sition.  It  makes  a  very  convenient  addition,  and  is  observed 
by  a  lens  placed  outside  of  the  glass  case  enclosing  the  whole 
apparatus. 

I  may  here  remark,  that  tbe  above-mentioned  additions 
ought  hereafter  to  be  made  to  tbe  horizontal  pendulum,  ever 
when  constructed  solely  for  astronomical  purposes,  the  oil-W 
being  replaced  bv  an  air-box,  contrived  so  as  to  reduce  tbe 
tendency  to  oscillate.  Com(Mire  Ttipler,  "Ueber  einige  An- 
wendungen  der  Luftreibung  bei  Mes.=iin  strum  en  ten,"  Pogj. 
Ann.,  1873,  xlix.  416. 

Mode  of  n'tspf.nxion. — In  the  first  experiments  fine  iron  wire 
was  employed,  but  it  was  soon  found  that  its  presence  renderel 
accurate  magnetic  observations  impossible;  and  besides,  al- 
though it  was  as  fine  as  was  consistent  with  safety,  its  torsion 
was  noticeable.  I  afterward  replaced  it  with  narrow  strips  of 
elastic  copper-foil,  such  as  is  used  by  jewelers,  the  ends  beina 
soldered  to  small  thin  plates  of  brass  to  prevent  tearing,  aoa 
these  again  connected  with  fine,  bard-drawn  bra^  wire.  Tbe 
copper-foil  was  adopted  merely  as  a  temporary  expedient,  hnt 
as  it  was  found  to  answer  well,  and  to  be  Iree  from  sensible 
torsion,  it  was  retained.  Experiments  were  made  heforeliaiid 
on  its  strength,  anvl  U"«aa  loaded  u^  to  within  about  two-thir<lj 
oi  its  breaking  sltMn. 
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At  M,  fig.  8,  is  a  milled  head  for  winding  up  the  brass  wire 
ached  to  the  lower  copper  strip  and  thus  bnnging  the  pendu- 
ai  into  a  horizontal  position,  i.e.,  its  real  object  being  to  ad- 
5t  the  mirror  of  the  pendulum  with  regard  to  the  scale  and 
escope 

Leveling  screws. — These  were  made  of  brass  with  eighty 
reads  to  the  English  inch,  the  two  rear  screws  being  at  a  dis- 
ice  of  only  two  inches  apart  The  front  screw  and  one  of 
3  rear  screws  rested  on  plates  of  brass  or  glass,  which  were 
^perly  countersunk  and  cemented  in  a  level  position  on  the 
slf.  They  were  provided  with  the  easily  removable  lever- 
ns  70  mm.  long,  and  the  leveling  was  always  completed  by 
rins  gentle  taps  to  these  arms,  with  some  light  rod  such  as 
ead-penciL 

Micrometer, — The  left-hand  rear  screw,  I,  fig.  4,  was  used  as 
nicrometer ;  it  rested  on  a  small  leveled  plate  of  glass  and 
LS  provided  with  an  arm  140  mm.  in  length,  which  was  capa- 
3  of  moving  over  ^  or  J  of  a  degree  of  arc  between  two 
ed  points.  To  the  extremity  of  the  arm  were  attached  two 
reads,  one  of  which  reached  directly  to  the  observer,  while 
3  other  first  passed  over  a  small  pulley ;  the  threads  were  re- 
ned  in  a  horizontal  position  by  proper  supports,  and  served 
turn  the  micrometer-screw  to  and  fro  through  some  known 
.ctional  part  of  a  degree.  The  distance  traversed  by  the  end 
the  lever-arm  was  measured  with  a  compound  microscope 
iced  over  its  extremity ;  the  length  of  this  arm  being  known, 
d  the  number  of  threads  of  the  screw,  the  actual  upward 
)tion  could  be  calculated. 

At  B,  fig.  8,  is  a  counterpoise,  its  object  being  to  remove 
)st  of  the  pressure  from  the  micrometer  screw. 
Scah  and  Telescope, — A  glass  scale  divided  into  millimeters 
s  used ;  the  telescope  magnified  about  60  diameters ;  the 
es  of  the  scale  appeared  to  the  observer,  when  referred  to  a 
itance  of  ten  inches,  to  be  about  eight  mm.  apart,  so  that 
3re  was  no  difficulty  in  estimating  tenths  of  a  division. 
Sources  of  error, — The  main  difiiculties  encountered  in 
iing  the  observations  given  below  may  be  divided  into  two 
sses,  viz :  those  due  to  accidental  vibrations,  and  those  de- 
ident  on  changes  of  temperature.  The  apparatus,  as  may  be 
agined,  was  exceedingly  sensitive  to  vibration,  and  the  lo- 
ity  used  by  me,  in  this  respect,  one  of  the  most  unfavorable 
this  country  ;  for,  apart  from  carriages  and  street-cars,  loco- 
stives  and  trains  of  cars  passed  at  a  distance  of  800  feet  con- 
uously  during  most  of  the  day  and  the  greater  part  of  the 
^ht  Hence,  in  spite  of  the  oil-box,  the  pendulum  was  never 
npletely  at  rest,  except  for  three  or  four  Viout^  «l^t  xtsSS^- 
^ht;  dnringtbe  day-time  the  vibrations  were  oft«ii  ^o^».^\^ 
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as  to  render  the  scHle-di visions  inviaihle.  Still,  in  apite  of 
these  disturbing  causes,  an  extended  scries  of  experimenta  \m 
eliowo  that  the  inherent  stability  of  the  apparatus  is  such  tliii 
these  external  influeocea  produce,  during  a  moderate  interv*) 
of  time,  little  or  no  permanent  change  in  the  instrument,  qdJ 
their  effects  can  consequently  be  eliminated  by  making  a  suf- 
ficient number  of  observations.  To  illustrate  the  delicacy  »( 
the  apparatus,  I  may  remark  that  children  playing  on  an 
iron  bndge,  360  disbint,  caused  temporary  dedectjons  of  one  or 
two  divisions,  and  that  similar  deviations  were  caused  by  the 
lower  notes  of  an  organ  in  a  neighboring  church,  the  me^linin 
and  higher  tones  producing  no  sensible  efi'ecL  Ii  was  found 
however,  necessary  to  guard  more  sedulously  against  disturb- 
ances originating  in  the  building  ittelf,  as  they  were  more  apt 
to  produce  permanent  effects ;  this  evil,  however,  practical!/ 
only  subjected  the  observer  to  temporary  interruption. 

Changes  of  temperature  produce  two  different  kinds  of  effcci 
on  the  apparatus;  in  the  first  class  we  may  place  those  which 
would  be  compensated  by  turning  the  leveling  screw  Q,  fig.  4; 
in  the  second,  those  that  would  be  neutralized  by  lumiug 
either  of  the  other  leveling  screws.  It  is  evident  that  changes 
of  the  first  class  alter  the  sensitiveness  of  the  apparatus  or  iht 
value  of  a  scale-division,  hut  on  account  of  the  compara- 
tively large  distance  Ijetweeii  IK  and  Q,  these  etfects  are  small, 
and  may  be  rendered  almost  insensible  by  attention  to  cod- 
atancy  of  temperature ;  thus  far  they  have  not  proved  a  source 
of  annoyance. 

The  case  is  different  with  the  second  class;  the  leveling 
screws  I  and  K  being  separated  only  by  a  distance  of  50  rum . 
it  is  necessary,  on  their  account  mainly,  to  preserve  the  temper- 
ature of  the  apparatus  as  const^int  as  possible.  The  means  oi 
accomplishing  this  I  shall  consider  in  the  second  part  of  this 
article,  taking  up  in  the  pi-esent  the  method  of  eliminating 
errors  that  are  introduced  from  this  source.  It  is  evident  that 
changes  of  the  kind  now  under  consideration  will  commiim- 
cate  to  the  pendulum  a  continuous  motion  toward  the  riglit  or 
left,  and  will  finally  drive  it  to  the  stops,  and  that  all  the  reaJ- 
ings  will  be  aiTected  with  a  constant  or  changing  error.  If  the 
motion  is  so  slow  that  the  operation  of  reaching  the  slops  con- 
sumes an  hour  or  even  less,  it  is  not  a  source  of  serious  inconven- 
ience, and  the  errors  thus  introduced  can  easily  be  eliminated. 

General  mode  of  experimeiUing. — In  all  cases  the  micrometer 
screw  rests  directly  or  indirectly  on  the  body  the  change  iu 
whose  dimensions  is  the  subject  of  study,  and  tlie  first  pro- 
ceeding will  naturally  be  to  ascertain  whether  the  different  por- 
tions of  the  appavalua  ate  av  test  T«\a.lvve\y  to  each  other,  or 
approximately  ao,     A.tler«aTi\]UeNa\xi.ft ov&^Riivft^W-is.wi'i'twi 
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ned  by  repeatedly  moving  the  arm  attached  to  the  mi- 
r  screw,  bv  the  aid  of  the  threads  which  reach  to  the 
r  seated  at  the  telescope.  When  this  has  been  satis- 
accomplished,  the  body  to  be  experimented  on  is  sub- 
)  the  desired  influence,  and  the  change  in  its  dimen- 
ted  ;  for  example,  the  change  in  the  longitudinal  di- 
s  of  a  bar  of  iron  when  magnetized  produces  with  this 
3nt  a  large  sudden  deviation,  and  it  is  also  possible  to 
:  gradual  increase  in  its  dimensions,  owing  to  the  heat 
3d  by  the  act  of  demagnetization,  and  I  am  at  present 
in  studying  with  it  the  effect  of  magnetization  on  the 
imensions  of  iron  bars ;  in  short,  the  mstrument  as  now 
1  is  applicable  to  the  solution  of  a  great  number  of 
problems. 

• 

of  making  and  calculating  Hie  chservaiions, — The  best 
observing,  whenever  possible,  is  to  make  a  continuous 
jd  series  of  readings,  so  that  the  second  reading  is 
related  to  the  first  and  third,  the  third  equally  to  the 
and  fourth,  etc.  When  this  proceeding  is  used  it  is 
to  obtain  correct  results,  even  though  the  pendulum 
independent  motion  of  its  own.  To  take  a  simple  ex- 
et  us  suppose  that  the  object  required  is  to  determine 
le  of  a  scale-division,  and  that  oy  the  aid  of  the  mi- 
r-screw  a  series  of  continuous  readings  have  been  ob- 
We  have  then  to  consider  four  principal  cases: 
lie  pendulum,  had  no  independent  motion  of  its  ourn, — In 
\  it  is  of  course  a  matter  of  indifference  what  method 
yed  in  working  up  the  results;  i.e.,  whether  the  read- 
treated  in  independent  pairs  or  as  a  continuous  series. 
The  pendulum  has  a  uniform,  motion  of  its  own, — Call 
lal  readings  A,  B,  A^  B',  A'',  B'^  etc. ;  let  a:  =  the 
.ntity,  and  let  the  motion  be  positive  or  tend  to  in- 
le  readings ;  d  =  the  distance  passed  over  during  the 
from  one  reading  to  the  next  following ;  let  d  be  posi- 
l  B,  B',  B^',  represent  the  larger  readings.  We  then 
the  readings : 

A  =A 

B   =A-fx-fd 
A'=A      -f2d 
B'  =A-fx4-8d 
A''=A     -f4rf 

5  the  readings  are  continuous,  subtracting  the  first 
I  second,  the  third  from  the  second,  the  third  from  the 
he  fifth  from  the  fourth,  etc.,  we  obtain  a  set  of  dif- 
alternately  too  large  and  too  small,  thua; 


i 
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IHSerenaei.  M'. 

B  -A  =x+d  1 

B-A-=x~d  i  ""^ 

B'-A'  =x+(i  [ 

B-A"=x~d  \  ""^ 
The  average  of  each  pair  of  difierencea  will  give  the  true 
quantity,  x,  free  from  errors  introduced  by  motion.  In  ibt 
case  now  under  cnnsi deration  the  average  of  the  column  M 
will  be  equal  to  the  average  of  the  column  difierences,  so  thii 
the  final  result  will  be  identical  whether  we  employ  the  avera^ 
of  one  or  the  other,  but  by  employing  the  column  M'  we  have 
before  us  the  identical  observations  free  from  conlaminaliooE 
due  to  the  independent  motion  of  the  pendulum,  thus  enabling 
the  observer  more  readily  to  judge  of  the  reliability  of  the  ob- 
servations, and  to  calculate  their  probable  error. 

2.  TVie  distance  passed  over  independently  by  Oie  pendulum  » 
creases  during  each  obs-rvation  by  a  constant  qvMutity. — Betuaqg 
the  same  notation,  eta,  aa  before,  we  have : 

Readings. 

A  =A  =A 

B   =A+x+if  =A+x+rf 

A'=A+./4-2rf  =A       +3rf 

B'  =A+j-l-rf+2<i+3(i  =A+r+t!</ 

A"=A+i+2rf+3ci+-W  =A       +IOrf 

B"=A+x+rf+2<f+3d+4(/+5c?  =A+x+I5<^ 

Taking,  then,  the  ditFerencea  according  to  the  method  above 
indicated,  we  have : 


lar-4(i|  x—-  x+-  ^ 

The  column  marked  M'  is  obtained  by  tJiking  the  average  ol 

Eairs  of  differences  as  indicated  bv  the  vinculums  on  their  leit- 
and  aide;  the  column  M"  by  using  those  on  the  right;  ibe 
final  column  M  by  combining  in  pairs  the  quantities  under  M' 
and  M",  It  is  evident  that  the  fiual  column  of  means,  il,  will 
in  this  case  give  the  correct  value,  or  x,  and  that  the  average  of 

the  column  of  differences  will  be  incorrect  by if  an  even 

number  of  readings  be  used ;  and  if  an  odd  number  be  em- 
ployed, by  +ci,  |d,  \d^  \d.^  elft. 
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28* 


27' 


31-6 


32-6 


33-6 


30-25 


30-26 


30-25 


3.  The  distance  passed  over  independently  by  the  pendulum  dur- 
ing each  observation  increases  by  an  increasing  quantity. — This 
case  may  perhaps  be  most  quickly  illustrated  oy  a  numerical 
example  arranged  algebraically,  toe  changes  introduced  being 
far  larger  than  ever  would  be  met  with  in  practice. 

Let  the  true  number,  x,  equal  80 ;  the  first  reading  equal  25 ; 
we  then  have :  ^^^^^^^^^ 

26                                            =  26 

26  +  30                        +  I    =  66 

26            +    1+    (1  +  2)=  29 

26  +  30  +    4  +    (3  +  3)  z=  66 

25  +  10+    (6  +  4)=  46 
26 +  30 +  20 +(10  + 5)  =  90 

26  +.36 +  (16 +  6)=  81 
26  +  30  +  66  +  (21  +  7)  =  139 

Difforeiioef.  M'.  U'\  M. 

^^  29- 

36 
20 
46 

68  I 

It  is  evident  in  this  case,  that  even  the  final  mean  will  be 
affected  with  a  small  constant  error ;  still  for  practical  purposes 
this  difference  from  the  correct  quantity  will  be  far  below  the 
unavoidable  errors  of  observation. 

As  the  method  with  three  columns  applies  to  an  increasing 
rate,  it  is  evident  that  it  will  apply  equally  well  to  one  which 
diminishes,  and  it  hence  follows  that  if  the  motion  decreases 
till  it  is  zero,  and  then  begins  to  increase,  being  affected  with 
the  opposite  sim,  its  effects  will  still  be  eliminated  by  the  pro- 
ceeding above  described. 

I  proceed  now  to  give  some  examples  to  show  the  character 
of  tne  results  that  can  be  expected  from  the  horizontal  pendu- 
lum under  very  unfavorable  conditions,  i.  e.,  when  exposed  to 
vibration  and  changes  of  temperature.     All  the  observations 

E'ven  below  were  made  in  the  day-time,  the  quietest  portions 
>ing  selected  when  comparatively^  few  locomotives  and  trains 
of  cars  were  passing ;  no  extraordinary  precautions  with  regard 
to  temperature  were  employed,  the  pendulum  not  being  en- 
closed except  in  its  glass  case.  All  the  observations  are  in  the 
form  of  determinations  of  the  value  of  a  scale-division,  a  pro- 
ceeding well  calculated  to  illustrate  the  capabilities  of  the  in- 
strument The  first  four  constitute  a  cohereat  series,  the  same 
adiustment  of  apparatus  being  used  in  them  all ;  the  others  are 
independent  sets  made  with  different  adjualmenla,  studi  vaXfeXi^^^ 
to  Uluatrate  the  effects  of  change  of  temperature,  e\A. 
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Determinatioiia  of  the  value  of  a  scale  division. 

lu  No.  1,  after  using  the  raicroineter-screw,  five  readings  were 
taken  consecutively,  the  JDterval  between  them  being  only  that 
required  for  making  the  record ;  in  Nos.  2  aod  3  single  readings 
odIj"  were  taken,  but  each  reading  is  to  be  regarded  as  a  mental 
average  of  at  least  two  or  three  readinga;  in  No,  4  twenty-five 
consecutive  readings  were  taken  on  each  occasion.  The  bail 
mode,  on  the  whole,  aeema  to  be  to  take  in  each  case  not  less 
than  live  or  more  than  ten  rapid  readings,  and  thea  again  lo 
use  the  micrometer-screw. 

No.  1. 
Actual  readingB.  Average.     DiSravnco. 


61*8 


■5    55' 

82'-1    83' 
54-2    54' 


534    53-      52- 


53-4 

ai-3 

SS-4 
82  ■« 
63-B 

81-7 
52-1 
81-5 


27-a 

27-8 
29-2 
29-0 
28*1 
29-6 
29-4 
28*2 


Although  in  these  observations  the  temperature  seems  w 
have  been  conptant,  yet  for  the  sake  of  nniformity  T  have  pre- 


t'errL='il  Ui  treat  tlie 


jL'ording  to  the  metliod  iibove  described. 


Final  average,     287 

The  probable  error  is  0198  of  one  scale  division;  whict, 
with  the  adjustment  then  employed,  corresponds  to  rr.To's.ei 
of  an  English  inch. 


28- 
27- 

2B- 

2H-25 

£8- 

5 

20-5 
2!l-6 

29-5 

30-25 

29- 

31- 
32-5 

;U-75 

30-25 

31- 

5 

5 

28- 
25-5 

26-75 

26- 

26- 

5 

27-5 

27- 

27-9 

27-4 

4 

28-4 
27-1 

27-75 

28-5 

28- 

3 

^%-ft 

^vaali  ^^ftxai^e. 

28^ 
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The  probable  error  is  0*4:61  of  a  scale  division,  which  corres 
ponds  to  T.inf.uaTF  of  an  English  inch. 


No.  3. 

Actual  readingfl. 

Diff. 

M'. 

M". 

M. 

68- 
42- 

26- 
32- 

29- 

30-25 

29*62 

74- 
45-5 

28-6 
80- 

29-26 

30-1 

29-67 

75-6 
46-3 

30-2 
34-2 

32-2 

32-1     . 

32-15 

79-6 
49-5 

30- 
29-1 

29*55 

29-70 

29-62 

78-6 
48-3 

30-3 
28- 

2915 

26-9 

28-02 

76-3 
60-6 

26-8 
31-8 

28-8 

30-9 

29-85 

82-3 
52-3 

30- 

30-2 

27-6 

30-1 

28-85 
Final  average, 

29-47 

82-6 

29-77 

66- 

The  probable  error  is  0*81  of  a  scale  division,  corresponding  to 
TT,TTi^,iyiyiy  of  an  English  inch.  It  is  to  be  remarked  that  while 
these  last  readings  were  being  taken  three  heavy  trains  passed. 

No.  4. 

M'. 

29-45 
27-93 


Ay.  of  25  read. 

Difl. 

75-04 

29-54 

45-50 

29-37 

74-87 

29-17 

45-70 

26-70 

72-40 

32-80 

39-60 

M". 

M. 

29-27 

29-36 

2ft-75 

28-84 

Final  average, 

2910 

The  probable  error  is  0*16  of  a  scale  division,  corresponding  to 
ai.vsV.Tnrir  of  an  English  inch. 

Combination  of  results,  1,  2,  3  and  4. 

It  is  evident  that  the  weights  of  these  results  are  quite  dif- 
ferent; accordingly  after  taking  all  things  into  consideration,  I 
assigned  to  Nos.  2  and  8  single  weiglits  respectively,  to  No.  1 
a  double  weight,  and  to  No.  4  a  three-fold  weight.  Under 
these  conditions  the  average  of  the  four  sets  of  observations  is 
28-99,  with  a  probable  error  of  fV  of  a  scale  division,  corre- 
sponding to  jY.TyV  TTT  of  an  English  inch. 

In  Nos.  1,  2,  and  in  the  first  four  readings  of  No.  4,  there  is 
no  decided  evidence  that  the  pendulum  had  any  independent 
motion  of  its  own  ;  in  No.  8,  its  independent  motion  seems  to 
have  been  nearly  uniform. 
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I  give  now  a  case  where  the  pondiilam  was  affected  with  i 

rapiil  uniform  raotion :  each  reatlmg  given  below  is  the  averagi 
of  ton  rapid  readings. 


Difl. 

101-5 

23-1 

78-4 

43-7 

122-1 

21-0 

lOl'l 

41-4 

142-6 

.      22-12 

Final  average,  »2-I4 

The  probable  error  is  044  of  a  soale  division,  corresponding 
t^  i.tit.ns  of  an  English  inch. 

No.  6. 
Here  each  reading  is  the  average  of  twenty-five  rapid  read- 

iDgs :  the  sign  of  the  motion  changed  during  the  observatiDii& 


Iteadings, 

Diff. 

92-5 

fiS'se 

39-14 

44-20 

83-40 

51-33 

S2'02 

48-07 

80-09 

44-19 

35-90 

52-10 

88- 

38-60 

Fin:il  average,  47-tJ5 

4»-4U 

The  probable  error  is  0-31  of  a.  scale  division,  correspnndine 
*0>  Vs.ia's.ns  f'f  an  English  inch. 

When  it  ia  recollected,  that  with  the  beat  optical  and  me- 
chanical means,  it  has  hitherto  been  hardly  possible  to  measure 
quantities  smaller  than  ^inlsij  of  an  English  inch,  the  flelii 
which  the  use  of  the  horizontal  pendulum,  even  under  verv 
unfavorable  circumstances,  opens,  will  be  easily  appreciated 


Akt.  XLIX. — Gontributumn  from  the  Sheffield  Laboratory  of  YaV 
College  No.  XXXIII. — On  Diabantitt,  a  ckloi-iie  occurring iit 
tlie  trap  oftlie  Conna-ticul  Valley;  by  GrKOBGE  W.  Hawes. 

In  my  recent  article  upon  the  trap  rocks  of  the  Conoecticat 
Valley,*  it  was  shown,  by  means  of  analyses,  that  these  rocks 
are  of  two  kinds :  1st,  the  anhydrous  dolerite ;  2d,  the  chioritic 
dolerite,  or  diabase,  which  was  formed  from  the  same  origioa! 
melted  mass  as  tlie  dolerite  by  a  process  of  hydration.  The 
diabase  is  often  amj^da-loidal,  and  the  cavities  are  filled  with 
•  See  thia  J  oMiiaV,  W\,  ix,  \%^,  ■Saido,  \W.». , 
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minerals,  among  which  the  most  common  are  carbonate 

silica  and  chlorite ;  the  two  former  substances  being 

y  produced  in  the  change  of  the  bisilicate,  pyroxene,  to 

ilicate,  chlorite.     At  one  point  in  the  Farmington  hills 

lygdaloidal  cavities  are  of  very  large  size,  often  larger 

egg,  and  in  them,  with  the  quartz  and  calcite,  there 

3  compact  masses  of  chlorite,  possessing  a  foliated  and 

structure  and  a  dark  green  color.     This  association  of 

5,  which  has  often  been  recognized  elsewhere,  seemed  to 

that  this   was  the  chlorite    which    was   distributed 

the  diabase,  and  an  analysis  was  therefore  made  to 

ae  to  which  member  of  the  chlorite  group  it  belonged. 

in  section  of  one  of  the  masses  under  the  microscope 

1  to  be  perfectly  homogeneous,  and  exhibited  a  very 

and  beautiful  dichroism.     From  a  cavity  in  which  the 

had  thus  been  shown  to  be  pure,  the  material  was  care- 

lected  for  analysis.     Its  specific  gravity  was  found  to  be 

s  hardness,  1 ;  and  its  fusibility  8.     The  composition 

i  was  as  follows : 


L 

83-23 

^ 11-13 

xide, 2-37 

oxide, 25-09 

ous  oxide,.     '40 

1-07 

a, 16-48 

-25 

9-89 


n. 

83-26 

11-02 

2-15 

25*12 

•42 

1-15 

16-54 

•25 

9-93 


Mean. 

33-24 

11-07 

2-26 

25-11 

•41 

1-11 

16-51 

•25 

9-91 


Ozygen. 
17-73 
5-16  ) 

•67  f 
6-58' 

-09 

•32 
6-60 

•07 
8-81 


17-73 
5-83 


12-66 


8-81 


99*91 


99-83        99-87 


analysis  gives  for  the  oxygen  ratio  of  the  protoxides, 
sides,  silica  and  water,  4.8 : 2 : 6 : 8,  showing  that  it  ap- 
3  very  closely  to  a  unisUicate  in  its  composition.  In 
>  ascertain  whether  this  composition  remains  constant, 
lysis  was  repeated  upon  another  sample  selected  with 
e  from  another  cavity ;  the  following  were  the  results : 

I.  n.  Mean.        Oxygen. 

33-65         33-70         83^68         17-96 

i 10-93  10-76  10-84  5^06  ) 


xide, 2-95  2-77  2-86 

oxide, 24-24  24-43  2433 

ous  oxide,.     -38  -88  -38 

-72  -73  ^73 

ia, 16-56  16^48  16^52 

-33  ^33  ^33 

10-04  10^01  10-02 


•85] 
5-40^ 

-09 

•21 
6-61 

•08 
8-89 


17-96 
5-90 


12-39 


8-89 


99-80 


99-58 


99-69 
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This  RDalyeis  does  not  differ  essentially  from  the  preceding. 
ftDiI  gives  an  oxygen  ratio  still  nearer  to  4 :  2 :  8 ;  3.  This  nibo 
may  therefore  be  taken  as  the  correct  one.  making  it  a  uni- 
silii-'iite  of  the  pyroaclerite  group  with  the  formula  : 

(ift"  +  iSl)'Si»  +  3S, 
Although  agreeing  with  pyroaclerite  in  oxygen  ratio,  the  much 
greater  proportion  of  iron  appears  to  authorize  its  recosnltion 
08  a  distinct  specie^. 

Dr.  K,  L.  Th.  Liebe,  in  his  article  on  the  dinbase  of  the  Voiet- 
land  and  Frankenwald,*  gives  analyses  of  a  cbloritt  of  like 
occurrence  which  ho  carefully  selected  from  specimens  coliecied 
at  several  difl'ei'ent  points,  and  which  lie  named  Diahanla- 
chiwmyn.  Although  bis  analvaes  differ  somewhat  from  those 
here  given,  it  is  evident  that  tne  material  be  worked  upon  was 
very  similar  to  the  above,  and  like  it  in  mode  of  occurrrnce 
and  probably  the  siinie  species.  But  since  his  long  naint 
"diabantachronnyn,"  which  was  intended,  as  he  says,  to  ex- 
press the  idea  that  the  mineral  is  the  coloring  ingredient  of  tbe 
diabase,  does  not  convey  that  meaning,  the  Greek  of  the  latler 
part  of  the  word  not  signifying  coior,  and  since  the  name  is  nm 
m  accordance  with  the  principles  of  mineralogicalnonienclature, 
I  have  taken  the  liberty  of  shortening  it  to  diabanlite,  whifb 
though  not  expressing  all  that  Liebe  mtendei:!  to  convey,  still 
imlicates  its  relation  tti  diabase. 

Chlorites  approaching  this  species  in  composition  have  be«ii 
often  analyzed  with  varying  results  and  have  received  v.irions 
names;  but  the  great  ease  with  which  decomposition  takra 
place  upon  such  material  under  surface  action  makes  it  eajiv  W 
derive  from  it  a  great  number  of  intermediate  products,  Tbe 
seams  and  cracks  of  both  the  diabase  and  tlolerite  of  liii; 
region  arc  often  lilted  with  a  soft  ferruginous  chlorite,  bat 
which  contains  varying  amounts  of  sesquioxide  of  iron,  and  is 
not  homogeneous.  A  chlorite  of  the  kind  analyzed  could 
hardly  be  expected  to  withstand  the  influence  of  percolating 
waters,  t 

The  amygdaloidal  cavities  afford  additional  evidence  to  lliai 
already  given,  proving  that  the  hydration  of  these  rocks  vra.' 
produced  by  vapors  that  gained  /ic'ccts  to  the  molten  mass  dur 
mg  its  ascent  to  the  surface.  For  these  cavities  often  contain 
bitumen,  which  in  all  probability  was  derived  from  the  bitumi- 
nous shales  of  the  riigioii,  and  was  carried  up  along  with  tbe 
other  products  received  from  the  strata  and  the  subterranean 
streams  encountered,  aud  deposited  in  the  cavities.  Thii 
bitumen  is  widely  distributed  in  the  amygdaloidal  trap,  as  wa 

*  JnhrVmch  fiir  yiaeraligie,  1870,  p.  1. 

f  Keiiutcott  Lue  endeavored  to  prove  Chat  Liabe'e  miueTBl  was  conmion  ripidi>' 
litej  but  thew  uialyaea  diovi 'CbBXiX.^iu  &'<ail  K'l&nnnA.Qx^igsQ.tKtia. 
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long  ago  observed  by  Percival.  The  composition  of  the 
pyroxene*  makes  it  easy  to  see  how  the  change  to  chlorite 
took  place  under  the  action  of  these  vapors.  The  thirteen  per 
cent  of  lime  was  separated  as  carbonate,  and  the  excess  of  sil- 
ica was  removed,  while  the  small  amount  of  alumina  required, 
and  which  was  not  furnished  by  the  pyroxene,  was  derived 
through  the  slight  decomposition  of  the  feldspar,  which  under 
the  microscope  appears  to  have  lost  its  transparency. 


Art.  L. — The  Re-discovery  of  the  Dovble  Star,  H  1. 41 ;   by 

S.   W.   BURNHAM. 

The  double  star  entered  as  No.  41  of  Sir  William  Herschel's 
Class  L  was  apparently  not  found  by  Struve,  as  it  is  not  in- 
cluded in  his  great  catalogue,  Afensurce  Micromelrica  ;  nor  in 
any  of  the  modern  lists  of  double  stars.  I  have  not  been  able 
to  find  in  the  various  works  consulted  any  reference  to  it  by 
any  observer  since  HerscheVs  discovery  nearly  one  hundred 
years  ago.  Sir  John  Herschel,  in  the  catalogue  of  his  father's 
double  stars  {^Memoirs  of  the  R,  A.  S.,  xxxv),  gives  the  approx- 
imate place  for  1880  as  follows  : 

K.  A.=    17*>  40-7™  I 
Decl.=-f  73^0-6'    J 

Nothing  is  said  by  Sir  William  Herschel  of  the  magnitudes  of 
the  stars,  or  of  the  distance,  further  than  that  the  pair  belongs 
to  his  Class  L     He  made  two  measures  of  the  position  angle : 

Ausr.  20th,  1782,  P  =  350-0° 
Meii.  7th,  1783,  364-3 

A  few  weeks  since  this  pair  was  searched  for  and  readily 
found  with  a  H-inch  refractor  very  near  the  place  given  above. 
It  was  identified  as  Lalande  82725,  and  its  place  from  that 
catalogue,  reduced  to  1880,  is : 

R.  A.  =  17»>  42°^  16-9"  )  ' 
Docl.   =+  72^  59'  10"  J 

I  made  three  sets  of  measures  of  the  angle,  a  mean  of  the 
result  giving,  P=840'2^  The  components  are  of  the  8th  and 
9th  magnitudes,  and  separated  about  1*2",  so  that  now  it  is  not 
a  difficult  object  even  with  a  small  aperture.  A  considerable 
diminution  in  the  angle  would  seem  to  be  beyond  doubt,  but 
further  observations  are  necessary  to  determine  positively 
whether  or  not  this  fine  pair  is  a  binary.  It  is  about  46'  north 
of  the  well  known  double  star,  W  Draconis,  and  easily  found 
without  an  equatorial  mounting. 

Chicago,  Maj,  1875. 

*  This  volume,  March,  p.  187. 
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Aht.  LI. — Brief  Covtrihutions  Jrom  t/ie  Pfit/sical  Laboratory  of 
Harvard  College.  No.  17. — On  Ihe  Distribulion  of  Ele^rituX 
Discharges  fruvt  Circular  Disks;  by  C,  J.  Bei,i„ 

The  peculiar  figures  produced  by  the  electrificatioQ  of  solid  ■ 
dielectnes  have  been  studied  by  Lichtetiberg ;  by  W.  V.  ' 
Bezold  {Ontersuchungen  iiber  elektrische  Staubfigurm,  Pc^. 
Anu.,  cxl,  145,  1870);  by  Prof.  Kundt,  Pogg.  Ann,,  cxsxri. 
ei2  ;  by  Theodore  Karrnss,  Pogg.  Ann.,  cxl.  160,  1870;  and 
bv  H.  Schneebeli,  Archives  des  Sciences  Phys.  et  Katarelle& 
xlvi,  289. 

If  a  small  circular  disk  is  connected  with  the  inner  coatine  of 
a  charged  Leydeii  jar,  and  ie  suspended  vertically  over  a  gXae 
plate  coated  with  lycopodium,  which  rests  upon  a  meiallio 
plate  connected  with  the  outside  coating  of 
"^-.^^"'^^"•X^.-  the  jar,  a  number  of  points  of  disturbance 
/\  /\       will  be  seen  on  the  glass  beneath  the  rim  of 

the  circular  disk,  aa  in  the  accompanyiDg 
I  figure. 

The  following  investigation  was  undw- 
taken  to  discover  the  law  which  reguUus 
the  numhor  of  p.^ints  of  greate.'it  clf-ctrical 
"  disturbance  sbown  by  the  small  circles  in 
ipparatus  used  was  arranged  as  follows:  the 
telescope  of  a  cathelometer  was  removed,  and  an  insulated  arm 
substituted  for  it.  To  this  arm  was  clamfied  in  a  vertical  pcsi- 
lion  a  copper  wire,  at  the  lower  end  of  which  were  attached  the 
various  circular  disks  used  in  the  experiments.  These  disks 
were  connected  with  one  pole  of  a  Ruhmkorf  coil.  Upon  so 
insulated  tripod  below  the  disk  was  placed  a  plate  of  metai. 
from  the  bottom  of  which  ran  a  wire  to  the  other  pole  of  the 
Kniimkorf  coij.  The  dreiectrics,  consisting  of  glass  platen 
17  cm.  square  and  1  cm.  thick,  rested  upon  the  plate  of  metal. 
Six  circular  disks  of  different  diameters  were  used,  which 
were  placed  above  the  glass  plate,  at  a  constant  distance  frotn 
it.  Sis  experiments  were  made  with  each  plate.  The  resuJia 
are  contained  in  the  following  table: 
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The  number  of  discharges  was  closely  proportional  to  the 
diameter  of  the  circular  disks,  or  to  their  circumferences.  The 
last  column  of  the  above  table  was  calculated  on  this  assump- 
tion. The  area  of  the  space  on  the  glass  affected  was  propor- 
tional to  the  area  of  the  upper  plate.  Although  the  shape  of 
the  spots  on  the  glass  was  not  the  same  in  all  the  experiments, 
yet  tne  angle  between  them,  subtended  by  their  arc,  was  con- 
stant for  the  same  plate.  Much  care  and  patience  was  necessary 
to  produce  the  figurea  The  battery  which  was  found  to  give 
the  best  results  consisted  of  one  Grove  cell,  the  platinum  of 
which  was  14  cm.  by  5  cm.,  and  the  zinc  80  by  7,  with  an 
internal  resistance  of  '25  of  an  ohm.  The  coil  would  give  with 
this  battery  a  spark  of  about  4  cm. 

In  order  to  obtain  perfect  figures  the  glass  plate  must  be 
very  clean,  and  perfectly  dry.  The  best  results  were  obtained 
when  the  plates  were  heated  slightly.  The  lycopodium  dust 
was  sifted  on  the  plate  after  the  discharge,  produced  by  lifting 
the  breaker  of  the  coil.  If  it  is  spread  over  the  glass  before 
the  discharge,  the  figures  lose  their  sharp  outlina  The  glass 
plate  must  be  4  or  5  cm.  larger  than  the  lower  plate  of  metal, 
otherwise  a  spark  will  pass  around  the  edge  firom  the  terminals 
of  the  coiL  The  distance  of  the  upper  circular  disks  from  the 
glass  does  not  appear  to  have  any  effect  upon  the  number  of 
figures,  but  if  they  are  placed  at  too  great  distance  the  figures 
are  indistinct  The  circular  disks  must  be  exactly  parallel  to 
the  plate  of  glass. 


Abt.  LIL — Preliminary  Note  on  an  Examination  of  Oases  from 
the  Meteorits  of  FAruary  12, 1875  ;  by  Arthur  W.  Wright. 

By  the  courtesy  of  President  Thacher,  of  the  State  Univer- 
sity of  Iowa,  the  writer  has  received  some  fragments  of  this 
meteorite,  an  examination  of  which  has  yielded  some  very  in- 
teresting results.  The  meteorite  is  of  the  stony  kind,  contain- 
ing numerous  small  grains  of  metallic  iron,  and  not  greatly 
differing  in  appearance  from  others  of  its  class. 

A  quantity  of  the  iron,  having  been  separated,  was  found  to 
contain  several  times  its  volume  of  gaseous  substances,  much 
of  which  it  yielded  on  a  very  moderate  elevation  of  tempera- 
ture. The  spectroscope  plainly  indicated  the  predominance  of 
carbon  compounds,  and  an  analysis  showed  that  very  nearly 
one  half  the  gas  was  made  up  of  the  two  oxides  of  that  ele- 
ment, the  approximate  percentages  being ;  CO,,  85;  CO,  14; 
the  two  together,  49  per  cent  The  residue  consisted  largely 
of  hydrogen,  but  the  exact  proportion  was  not  determined. 
These  relations  show  a  marked  difference  betweeii  l\i^  vcoxi  %xA 
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the  (rtony  meteorites  ae  to  their  gaseous  contents,  as  in  tlie 
mer  the  hydrogen  is  most  abundant,  while  in   the  latter  ihe 
oxides  of  carbon  are  the  characteristic  constituents. 

The  sjiectrum  of  the  gases,  at  a  lew  millimeters  pressure, 
gave  the  carbon  bands  very  brilliantly,  the  hydrogen  lines  be- 
ing comparatively  weak  and  inconspicuous,  though  at  a  very 
low  pressure  they  became  relatively  stronger.  The  brightest 
carbon  bands  were  the  three  in  the  green  and  blue,  the  red  one 
being  much  feebler.  Now  these  are  precisely  the  ones  most 
conspicuous  in  the  spectra  of  some  of  tlie  comets,  and  this  fwt 
is  a  remarkable  confirmation  of  the  received  theory  as  to  the 
meteoric  character  of  these  bodies.  A  more  extended  and  piif 
ticular  account  of  the  investigation  will  be  given  in  the  next 
number  of  this  Journal. 
Tale  College,  Ua;  21, 181B. 


Art,  Lni.  —  On  LimoniU  with  the  Color  and  Trajtsluoencif  (/ 
Oiithite;  by  Prof.  J.  W.  Mallst,  Univ.  of  Virginia. 

The  Hpccimen  which  is  the  subject  of  this  notice  was  receir«l 
with  other  minerals  from  Capt  F,  M,  Imboden,  of  Riciiinond, 
Va.,  having  come  fn>m  the  land  of  Dr.  F.  H.  GrilEn.  near  Bi^ 
Lick,  Roanoke  Co.,  Va. 

Pns.'fing  through  ordinary  comp.ict  limouite  there  were  veins 
of  a  quarter  to  half  an  inch  in  thickness,  distinctly  transluceol 
on  the  edges  of  splinters,  and  having  a  deep  blood-red  color 
by  trau.smitted  light — by  reflected  light  nearly  black,  with  a 
luster  between  adamantine  and  resinous.  Streak  yellowisb 
brown.  Massive,  with  no  traces  of  crystalline  or  fibrous  struc- 
ture. Hardness  a  little  over  5.  Sp.  gr  =37B  at  16°  C. 
Analysis  gave 

Fe^Oj 81-52 

MhjO,    -11 

AljOj  ..._ -26 

PjOj 2-38 

SiOj- -51 

HjO    ___    _ _ 14-96=z99-73 

The  water  was  lost  at  the  following  rate  with  increaaiog 
temperature ; 

At  100°  V.  (for  three  hours), ...    TTO  p.  c 

"    150°  "  "  -BO     " 

"   200"  "  " 3-60     " 

"   250"  "  "  5-01      " 

"    KedheU  3-74   =  14-95  p.t 

If  2'68  p.  c.  oi  Ve,jO,\ie  i'e^vi'i'yii  ^  tQ«Ai\QsA.  >«\'i.(\  ihe 
-2 -33  of  P  0     to  lonn  fern-c  QVCn(i--5V'a%^Vi\\ft  ^J^^Q  ^^,■ffiA■iA 
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water  lost  at  100°  (supposed  hygroscopic)  and  the  other  minor 
constituents  be  neglected,  we  have  left: 

Calc.  for  Fe4Hg09 
(Umonlte). 

FeaOj 78-84  )       j     86-61 85-56 

HgO 18-25  5""  (     14-39 14-44 

100-  100- 

The  assumption  of  the  PaO,  existing  as  a  hydrated  phos- 
phate, with  even  as  much  water  as  in  cacoxene  or  the  oasic 
salts  described  by  Rammelsberg,  will  not  suffice  to  bring  the 
remaining  ferric  hydrate  into  accordance  with  the  formula  of 
gotbite. 

The  mineral  is  obviouslv  limonite  in  chemical  composition, 
while  the  blood-red  color  nas  not,  so  far  as  I  am  aware,  before 
been  noticed  in  connection  with  this  species,  but  has  been 
looked  upon  as  characteristic  of  gothite.  How  far  the  large 
amount  of  phosphorus  present  may  have  any  relation  to  the 
peculiar  appearance  of  the  mineral  may  be  questioned. 


SCIENTIFIC    INTELLIGENCE. 
L  Chemistry  and  Physics. 

1.  On  the  Composition  of  the  so-called  Hydrate  of  Chlorine. — In 
many  of  the  most  recent  text-books  on  Chemistry  it  is  stated  that 
the  composition  of  the  hydrate  of  chlorine,  ordinarily  given  as 
Cl24-(n,0),o,  may  also  be  written  as  HOCl+HCl+(HgO)^. 
The  ground  for  this  assumption  is  not  entirely  satisfactory ;  it 
seems  to  have  arisen  from  a  statement  of  Hiller,  that  the  hydrate 
is  formed  when  hydrochloric  acid  gas  is  passed  into  a  solution  of 
hypochlorous  acid  cooled  to  0°.  But  since  HCl  and  HOCl  react 
upon  each  other  to  produce  chlorine  and  water,  the  arrest  of  this 
action  at  0°  cannot  be  accepted  as  a  fact  in  the  absence  of  direct 
evidence.  Gopnbb  has  undertaken  to  decide  between  these  for- 
mulas. Since,  were  the  formula  Clg-f  (HgO)j^,  correct,  the  sole 
product  when  the  solution  is  agitated  with  mercury  would  be 
mercurous  chloride;  and  were  the  formula  HOCl-f  IK'l-f  (HgO)^ 
the  right  one,  that  product  must  be  mercuryl  chloride,  and  finally, 
in  presence  of  hydrochloric  acid,  mercuric  oxide,  the  matter  may 
readily  be  tested.  Experiment  proves  the  latter  view  to  be  in 
feet  the  true  one ;  though  by  the  subsequent  action  of  the  metallic 
mercury,  some  mercurous  chloride  was  formed.  In  a  lecture  the 
above  experiment  may  be  useful  in  order  to  show  that  the  reaction 
with  water  is  the  same  as  with  potassium  oxide  or  hydrate : 

CL-fHOH=HCl+HOCl. 
Clj+KOKzziKCl-fKOCL 

To  this  view  Huoo  Schiff,  in  a  subsequeivt.  m^x,  ^^\^^^i\^ 
ohJectB,  deemiDg  the  proof  entirely  insufficient),     lijft  ^n^%  ojcoXft  ^ 


tminber  of  fact*  to  prove  the  contrary. — Ser.  JterL  Ctifiu.  Gtt, 
viii,  287,  419,  March,  Ajiril,  187fi.  g.  f,  b. 

•2.  On  thjt  Conttilutiott  uf  Amtnonitim  Compounds. — The  qu* 
tion  of  lilted  or  variable  equivalence  is  yet  a  vexed  one  in  Chenut 
try,  V.  Mkter  and  Ltcro  have  made  aii  investigation  to  ttett- 
tain  whether  nitrogen  ha-i  iu  the  amtnouinm  componii'U  u 
eaaivalence  of  thrt-e  or  five.  On  the  former  hypotheMg  tbf  vob- 
■titulion  of  ammunium  chloridi' would  be  N=:  =  [!3-f-H — CI;  m 

the  latter  it  would  be  H,  =  ;=N CI,     The  method  by  whidi 

the  authors  purposed  to  test  the  question  was  to  submit  to  miunt* 
comparieon  the  two  di-metbyl  diethyl  deriv:itives  of  annuouiam, 

which     may    be    thus    formulated:     NJCH,     +  C.H.tl,  and 

N-J  C-H.+CHnCl.     If  nitrogen  be  a  peutad,  these  two  bodiw 

mint  be  identical;  if  a  triad,  they  are  only  isomeric,  Tlietrt 
ohlorideB  were  prepared  with  care,  the  one  trora  diiitethy limine, 
the  other  from  dietliyiamine.  They  were  then  exnmined :  Ibi.  » 
to  their  physical  properties  and  those  of  their  derivatives;  ii. 
their  characteristic  reautions  in  the  wet  way ;  dd,  their  distillBM 
products;  4th,  the  solubility  of  their  platinum  snlts :  Sth,  ibe 
crystal logmpbic  identity  of  these  platinum  salts;  and  6th,  tit 
fuBibility  of  tlieir  pirmles.  In  all  these  ]»articulars  ihfv  wtri 
found  to  be  identical.  The  hypoibesis  that  ammoDinm  cLioriJt 
is  a  molecular  coraiioimd  would  seem,  therefore,  to  be  negaliT*-L 
and  the  quin  qui  valence  of  nitrogen  in  all  the  ammonium  deii'i- 
tivea  established.— 5<;r.  /ierl.  Chf..  (^.Vs.,  viii,  233,   March.  isTJ. 

G.   F.  B. 

ri.  On  Methyl  aldehyde  and  Methyl  formate.—  Methyl  aldehyiie 
was  prepared  by  Ilofmann,  the  discoverer,  by  pasBinj;  a  niiitureri 
air  and  the  vapor  of  wood  apirit  over  a  red  hot  platinum  coil 
Voi.HARD  propospB  a  simple  modification  of  tins  plan,  as  a  leetnrt 
exiierimenl,  bv  which,  in  the  oourae  of  an  hour,  sufficient  of  the 
alaehyde  can  be  obtained  to  ahow  ita  reducing  power.  A  Dstj"* 
aphlogiatic  Iam|) — ^whicb  consista  of  an  ordinary  spirit  liimp  npsii 
and  above  the  wick  of  which  is  jilaced  a  small  iilatmum  wire  coil- 
is  filled  with  methyl  aicoliol,  lighted,  and  after  a  minute  the  fciiM 
blown  out ;  the  alow  comburtion  which  then  takes  place  produ«f 
methyl  aldehyde.  It  ia  only  necessary  to  place  over  the  wiik  w 
adapter  connected  at  its  smaller  end  with  a  I-iebig's  eondeaser,  i 
receiver,  one  or  two  wash  bottles,  and  an  aspirator.  The  corrfu! 
of  air  is  reffulated  ao  that  the  coil  does  not  appear  red  in  davlight, 
while  yet  it  is  sufficiently  hot  to  prevent  condensation  w  ti* 
adapter.  If  the  aspiration  be  coutmuous,  it  ia  only  necessarvtt 
keep  the  lamp  filled  in  order  to  have  the  process  continuous,  "nif 
autfior  collected  in  bis  cxpei-iments  90  to  100  grams  of  liquid  in 
the  receiver  in  twenty-four  hours.  By  the  warmlh  of  the  hatiii  i' 
reduced  in  a  kv  vnm\\te#>  &  ^iAmAjW'w  q^  vnunQuio-ailver  nitrate  atnl 
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ave  a  brilliant  mirror.  Saturated  with  hydrogen  snlphide,  it 
ecame  a  magma  of  crystals  of  methyl  solph-aldehvde.  ifstimated 
J  its  redacing  power,  however,  the  liquid  contamed  but  a  little 
lore  than  *5  of  one  per  cent,  of  aldehyde.  The  author  subse- 
nently  prepared  methyl  formate,  by  distilling  methyl  alcohol 
3cently  saturated  with  hydrochloric  gas,  from  calcium  formate, 
I  order  to  ascertain  whether  it  would  yield  methyl  aldehyde  by 
le  action  of  heat ;  a  reaction  analogous  to  that  by  which  its 
hlorine  derivative,  methyl  perchloroformate,  yieldfs  carbonyl 
bloride.  But  the  results  were  negative,  the  ether  yielding  methyl 
Icohol,  carbonic  oxide,  carbonic  acid,  and  marsh  gas,  the  two 
itter  in  small  proportion. — Liebig^a  AnnaUriy  clxxvi,  128,  Feb., 

876.  G.  F.  B. 

4.  Composition  of  Gum  Tragacanth, — Giraud  has  made  a  minute 
xamination  of  the  chemical  characters  of  gum  tragacanth.  He 
nds  ( 1 )  that  this  gum  is  but  very  slightly  soluble  in  water,  and 
lat  the  product  in  the  filtrate  is  not  a  definite  principle,  like 
rabin,  but  is  a  mixture  of  several  substances ;  (2)  that,  digested 
n  the  water  bath  for  twenty-four  hours,  with  fifty  times  its  weight 
f  water,  much  of  it  is  transformed  into  a  soluble  gum,  which  no 
>nger  swells  after  drying;  this  new  substance  is  pectin;  (3) 
[lat  under  the  action  of  water  containing  one  per  cent  of  acid,  the 
roduction  of  pectin  takes  place  in  two  or  three  hours.  It  be- 
omes  entirely  soluble,  and  alcohol  precipitates  pectin,  not  arabin, 
*om  the  solution.  Alkalies  change  it  into  pectates  and  meta- 
ectates.  Hence  gum  tragacanth  consists  for  the  most  part  of  a  pec- 
ic  principle  insoluble  in  water,  apparently  identical  with  Fremy's 
ectose.  From  it,  by  precipitating  the  pectin  solution  by  barium 
ydrate,  and  decomposing  by  an  acid,  pure  pectin  acid  was  ob- 
lined.  Upon  analysis,  gum  tragacanth  yields  as  follows :  water, 
Mrenty  per  cent ;  pectic  compounds,  sixty  per  cent ;  soluble  gum, 
ight  to  ten  per  cent ;  cellulose,  three  per  cent;  starch,  two  to  three 
er  cent ;  mineral  matter,  three  per  cent ;  nitrogtmous  matters, 
races. — Moniteur  Sdentifique^  Hi,  v,  361,  April,  1875.     g.  f.  r 

5.  On  the  Occurrence  of  Cane  Svgar  in  Malted  Chain. — The 
uestion  of  the  occurrence  of  dextrin  and  sugar  in  the  cereals, 
'hether  malted  or  unmalted,  is  yet  an  open  one.  Kuhnbmann 
as  sought  to  throw  some  light  upon  it  oy  carefully  examining 
lalted  barley  for  both  these  substances.  Five  kilograms  of 
nely  bruised  malted  barley  was  extracted  cold  with  eight  kilo- 
rams  ninety-five  per  cent  alcohol,  the  expressed  liquid  mixed 
'ith  twice  its  weignt  of  ether,  and  agitated  with  a  little  more 
lan  one-fourth  its  weight  of  water.  The  lower  aqueous  layer, 
reated  with  a  little  barium  hydrate,  was  evaporated,  filtered,  and 
olarized.  It  rotated  to  the  right,  but  contained  two  sugars,  one 
educing  the  copper  test,  the  other  not.  Upon  evaporation  to 
ryness  and  extraction  with  alcohol,  the  two  sugars  were  sepa- 
ited  by  fractional  crystallization.  In  this  way  0*6  of  one  per 
3nt  of  crystallized  sugar  was  obtained  from  the  malt.  When 
ore,  this  sugar  is  white,  is  sweet  to  the  taste,  crystallizes  in  well- 
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defined  forras,  and  doex  not  reduce  the  copper  test.  Id  its  opiiol 
belmvior,  therefure,  as  well  as  in  its  pbyMcal  and  chemical  pMi)«> 
tieB,  it  appeai-e  to  bo  identical  witli  cane  sugar.  The  matt-resiilw; 
extracted  with  water,  yielded  a  solution  from  which  alcohol  p»- 
cipitated  a  aubstaoce  in  white  tloclis,  which  is  similar  Uk,  l>ut  ii 
chemically  not  identical  with,  dextrin. — Ber.  B«rl.  Cheni.  On, 
viii,  202,  March,  1876.  a.  v.  b. 

a.  Carbonyla,  a  nere  ('l<i»»  of  Organic  Botlies.~~M.  BenTBKi^i 
has  recently  inntitatvd  a  new  class  of  organic  bodies,  to  whirii  k 
has  given  the  name  of  ciirbonj/lea,  and  to  which  he  aaeigiis  thrw 
bodies  hitherto  rather  ambiguons  in  chemical   hehavior.     Hit^t 

are:  allylene  oxide  (dimethyleue  carbonyle),  t'O  <  ,■11*)  dijili'- 
nylene-acctone  {diphcnylcne  carbonyle,  COi  p'li*)  and  oidinirj 
camphor(terebutyleiie carbonyle, CO  j  p'ri*)-  Suberotie,  (.\H,,U. 

Eerhnpa,  belongs  here  also.  The  diRtinguishing  feature  of  af 
ouyles  is  their  double  fiinetion.  In  the  first  place,  they  acl  tike 
aldehydes,  being  able  to  fix  hydrogen  directly  and  to  prodw* 
alcohols ;  while,  like  aldehydes,  they  are  re-produeed  by  l^ 
dehydrogenixation  of  these  alcohols.  Again,  Uke  aldt.'hyde».'  lb«( 
may  be  formed  by  the  direct  or  indirect  oxidation  of  livdrocir- 
bons;  just  as  ethylene  hydride  and  oxygen,  C^H^fH^I-f-O.  !""■ 
duces  ethvl  aldehyde,  t'^H^fO),  so  camph'ene  iivdride  atid  osthmi. 
CioII,b(113)+0,  ].roduce»  camphor,  f,oH,e(U).  Jiy  indirwt 
oxidation  ;  and  as  etiiyleiie  by  direct  oxidation  yields  ethvl  aide- 
hvde,  C3nj+0=C^r!l,(0),Bu  campheue,  Cjgll.'g+O,  gives  c»»- 
phor,  C,oII,b(0}.  IJut,  secondly,  it  is  to  be  observed  that  whilf 
aldehydes  are  produced  by  the  indirect  oxidation  of  Batnral*<i 
hydrocarbons,  carbonyles  result  from  the  indirect  oxidatioo  rf 
unsBtnrated  hydroearhona.  This  is  a  very  material  ditVerenM, 
siace,  beside  its  aldehydic  function,  the  carbonyle  molecule  if 
unsaturated,  and  can  uniU*  directly  with  other  unsaturat-ed  mule- 
cuies.  Hence,  like  carbonyl  itself,  from  which  these  bodies  takt 
their  name,  they  can  fix  directly  the  elcmentB  of  water  W 
form  monobasic  acids;  as  CO+HOH=:OH(JH,  formic  aciil,*' 
CO  j  ^]|2+H0H=CjH,0„  propionic  acid.     So  also,  by  r^wn 

of  this  uiisaturation,  they  can  unite  directly  with  tbre«  atom!i>f 
oxygen  to  form  dibasic  acids;  camphor,  C,pU|gO,  for  exam pk 
fonning  with  (>„C,oH,,0^,  camphoric  acid.  So,  conversely,  tk 
removal  of  water  and  carbon  dioxide  from  a  single  molecule  i>f» 
dibasic  acid,  yields  a  oarl>onyle,  difieiing  from  the  annlo>;iius  jm*- 
dnction  of  acetones  by  the  tiot  that  the  removal  in  the  latter  r*M 
is  from  two  molecales  of  a  monobasic  acid.  Regarding  all  hydfc 
carboua  as  derivatives  of  marsh  gas,  or  formeiie,  the  ibrmaiion  "' 
the  three  classes  of  aldehydes  from  them  by  indirect  oxidalic" 
may  be  represented  as  follows  : 


Chemistry  and  Pkysu 


466 


Aldehydes.  Hydrocarbons. 

u;oh;J  [c,H,.CH,0         t-,H..l,Uj.O,B, 


SeooDdary' 
ehyides  or  acetones. 
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.CO 
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Hie  author  gives  in  concluaion  the  evitience  tbat  camphor  itself 
ongs  to  this  class  of  bodies,  and  says  that  had  he  not  hesitated 
:bund  a  new  class  of  bodies  on  a  single  compoond,  he  would 
a  Ago  have  proposed  to  consider  camphor  as  a  carbonyle. — 
a.  &>c.  Ck.,  II,  xxiii,  14t(,  Feb.,  1875.  o.  f.  k 

.  JFbrmalion  of  Hydroxylamint  by  the  reduction  of  Dinitro- 
ipounde. — Whenever  a  nitro-oigaoic  derivative,  in  wnich  but  a 
zle  nitro-gronp  is  united  to  any  one  carbon  atom,  is  reduced 
h  tin  and  hydrochloric  acid,  the  nitro-group,  as  is  well  known, 
;omea  an  ami  do  group.  V.  Mutek  and  LociiuR  have  expcri- 
Dted  to  ascertain  what  would  be  the  result  on  reduction  if  two 
h  groups  were  so  united.  For  this  purpose  they  selected  the 
itropropane  CH, — C(NO,), — Cllg  recently  discovered  by 
m,  and  introduced  it  into  dilute  hydrochloric  acid  containing 
tallic  tin.  In  a  short  time  the  nitro-body  had  disappeared, 
I  the  solution,  after  removal  of  the  tin  by  hydrogen  sul{)hide, 
irded  on  evaj)oration  pure  hydroiylamine  Dydroohloride.  The 
lanic  rednctioD-product  was  acetone,  so  that  the  reaction  is 
rollows:  CH, — C(NO,Ja--CH,+Hg=CIIp-.-CO — Cll,+ 
11,0), +H,0.  Ethyl-nitrolic  acid  reacts  similarly,  yielding 
irly  the  theoretic  quantity.  Nitrofbrra,  however,  combines 
h  reactions,  yielding  beside  hydrozylamine,  hydrogen  cyanide, 
1  ammonia. — Ber.  SerL  Chem.  6e».,  viii,  215,  March,  1875. 

Q.  F.  B. 

t.  Visamty  of  G<u«a. — Capt.  A,  vok  Obkrmatrr  has  com- 
-ed  the  previous  determinations  of  this  quantity,  and  states  that 
the  two  hypotheses  from  which  the  dynamical  theory  of  gases 
rt,  the  older  gives  the  co-efHcieut  of  friction  of  gases  propor- 
nal  to  the  square  root,  the  newer  (Maxwell's)  gives  it  propor- 
:jal  to  the  first  power  of  the  absolute  temperature.  From  the 
ardation  of  vibrating  disks  by  the  friction  of  the  air,  Maxwell 
nd  experimentally  the  power  1,  O.  E.  Mayer  the  pover  j;  by 
■eriments  on  capillary  tubes  0.  E.  Mayer  found  the  power  f,  J. 
.uj  the  power  }  of  the  absolute  temperature, 
'"or  the  more  certain  determination  of  this  ratio,  cxperimentH  on 
rents  through  four  capillaries  of  glass  and  one  of  brass  were 
lertaken  ;  and  together  with  the  temperature  of  the  room  those 
boiling  water,  congealing  paraffin,  and  a  mixture  of  salt  and 
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■now  were  employed.  A  first  Beries  of  experiments,  less 
were  carried  out,  witli  the  difference  of  pressure  variable ;  a  w 
Olid,  comidcrably  more  exact,  with  the  diffLTcnce  conBtBDl.  'ITk 
results  of  the  two  series  agree  very  well,  and  contirtn  thoae  of 
Jlayer'a  experiments  in  a  periectly  satiBfaclory  manner.  For  tb« 
co-efficient  of  friction  w  nt  the  temperature  t  there  were  fonud: 

According  to  the  first  series, /j=:  0001708  {1  +  -OO27350. 

Acoordingto  the socood series,  w  =  "00010477  ( 1-|-'0027Z3  f)- 
—Jtoy.  Acad,  uf  Vmuui,  Feb.  4th,  1875  ;  PUil.  Maff.,  xlix,  3SI. 

K.  c.  r. 

9.  Specijic  Heat  of  Carbon,  Boron  and  Silicon. — I>n.  IL  K. 
Webbb  presented  a  paiwr  on  this  subject  at  the  tif^y-sixtli  auui- 
vcrsaryof  the  Uoyal  WOiteraberg  Land  and  Forest  Alaiiagemoat 
Academy  at  llohenheim.  The  law  of  Dulonjf  and  Petit,  that  lit 
product  of  the  specific  heat  by  the  atomic  weight  is  constant,  h»li3s 
true  for  moat  ol  the  solid  elements.  C'arbon,  boron  and  silicon, 
however,  seem  to  deviate  considerably  from  this  law,  and  givsJif- 
ferent  results  in  their  various  allotropic  conditions.  A  compitrisoo 
of  the  results  of  different  ubservem  shows  that  while  they  diflor 
very  greatly  from  one  another,  the  larger  the  interval  oftemptn- 
ture  employed  the  greater  the  result. 

Dr.  Weber  has  accordingly  made  a  series  of  measurements  tt 
temperatures  from  —80"  to  l,noo".  The  amount  of  heat  wm 
determined  by  Bunsen's  ice  calorimeter,  and  the  Cemperatim 
when  betow  300"  by  a  themiomeTer  ;  for  higher  temperatiirt'st  tlie 
heat  given  out  by  a  platinum  bar  in  cooling  served  to  detemiiDe 
the  temperature  by  calculation. 

The  first  experiments  were  on  the  specific  heat  of  tbe  diamond 
The  collections  of  the  Universities  of  Uerliu  and  Vienna  wert 
placed  at  his  disposal.  It  was  found  that  the  specific  heal  in- 
creased with  the  temperature  from  07  at  —50°  C  ,  to  -23  at  W, 
and  ■4(1  at  a  red  heat.  A  similar  increase  is  found  in  the  esse  of 
graphite,  and  leads  to  the  Ibllowing  conclusions : — That  frum  i 
red  heat  upward,  the  specific  heat  of  carbon  doea  not  vary  mow 
than  the  specific  heats  of  those  elements  which  fulfil  the  law  of 
Dulong  and  Petit,  and  at  these  high  temperatures  there  seems 
to  be  no  real  difference  in  the  speciHc  beat  of  the  graphitic  ami 
that  of  the  diamond  modification  of  carbon.  All  anomalii'S, 
therefore,  disappear  above  600°  C,  and  carbon  then  obevs  tlie 
above  law.  A  compari.son  of  the  specific  heats  of  graphite,  of 
dense  amorphous  carbon  and  of  porous  carbon  showed  that  ihtj 
were  identical  within  the  temperature  interval  0°  to  225'.  A  null 
weight  of  porous  carbon,  as  far  as  possible  free  from  water,  evolves 
4-16  heat-nnits  when  wetted  with  water. 

In  the  case  of  boron  two  hundred  small  crystals  were  use<l,  hsf- 
iiig  a  total  weight  of  '67  grams.  The obser\aiion9  were  cxtendfl 
from  —40°  to  -j-i30°  and  showed  a  similar  increase  to  thai  uf 
carbon.  It  is,  therefore,  very  probable  that  nt  higher  tempera- 
tures the  specific  heat  attains  a  constant  value  of  about  "SO.  and 
oonsequeatly  t\»s  imraViei  \\,>iiVwV''«'{,cvieT4.U^  aj^ce^ited  as  tlw 
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atomic  weight  of  boron,  is  really  the  atomic  weight ;  further  that 
the  atomic  neat  of  boron  is  about  b'b^  and  that  therefore  at  h  red 
heat  boron  obeys  the  law  of  Dulong  and  Petit. 

Small  brilliant  steel  gray  crystals  of  silicon,  weighing  1*123  grams, 
were  next  employed.  From  these  it  was  shown  that  Rilicon  does 
not  form  an  extraordinary  exception  to  the  law  of  Dulong  and 
Petit;  so  soon  as  the  temperature  passes  200**  it  comes  withm  the 
sphere  of  this  law.  The  smallest  relative  weight  of  silicon  (28) 
hitherto  found  in  the  molecule  of  any  of  the  gaseous  compounds 
of  this  element  is  in  reality  the  atomic  weight  of  silicon. — Phil. 
Mag,^  xlix,  161,  276.  e.  c.  p. 

j  0.  Action  of  Electric  Currents  on  Alloys, — M.  E.  Obach,  at  the 
suggestion  of  M.  Wiedemann,  has  tested  the  conclusions  of  Gerar- 
din  on  the  electrolytic  decomposition  of  alloys.  A  seiies  of  ex- 
periments were  made  from  which  he  concludes  that  the  passage  of 
the  galvanic  current  produces  no  electrolytic  effect  either  in  amal- 
gams or  in  alloys.  After  being  traversed  by  a  current,  the  sodium 
amalgam  decomposes  water  at  both  poles  exactly  as  before.  The 
action  of  the  current  modifies  neither  the  hardness  nor  the  mallea- 
bility of  the  lead  and  tin  alloys,  nor  the  fluidity  of  the  potassium 
sodium  alloys.  It  introduces  in  the  neighborhood  of  the  electrodes 
no  change  exceeding  the  limits  of  possiole  error  in  the  analyses. — 
liibL  Imiv.y  ccvii,  229.  e.  c.  p. 

11.  yew  Property  of  Aluminum.'-^.  E.  Ducretet  observes 
that  on  inserting  in  a  galvanic  circuit  a  voltameter  with  two  elec- 
trodes, one  of  aluminum,  the  other  of  platinum,  different  effects  are 
obtained  according  to  the  direction  of  the  current.  When  the 
aluminum  receives  the  negative  electricity  the  water  is  decom- 
posed and  the  current  traverses  the  circuit  freely.  But  on  revers- 
mg  the  current  the  decomposition  ceases  and  scarcely  any  elec- 
tricity is  transmitted.  An  electric  bell  inserted  in  the  circuit  in 
the  first  case  rang  violently,  and  in  the  second  case  did  not  move. 
Replacing  the  bell  by  an  iron  wire,  in  the  fii*st  case  it  was  melted, 
and  not  even  heated  in  the  second.  A  galvanometer  gave  in  one 
case  a  deflection  of  22*^  and  in  the  other  of  only  2°. 

The  effect  is  produced  instantly;  it  is  constant  and  durable 
whatever  the  number  of  inversions  of  the  current.  If  other  metals 
are  used  instead  of  platinum,  they  are  deposited  on  the  aluminum 
and  interfere  with  the  experiment  This  stoppage  of  the  current 
is  not  produced  by  a  plate  of  gold,  silver,  platinum,  copper,  zinc, 
magnesium,  tin,  lead,  etc.,  replacing  the  aluminum.  A  partial 
effect  is  produced  with  iron,  but  the  surface  is  soon  altered,  with 
the  disengagement  of  a  bad  odor.  As  to  the  aluminum,  its  surface 
appears  to  be  preserved  by  a  slight  layer  of  alumina  which  is 
formed  immediately,  and  remains,  in  spite  of  the  inversion  of  the 
current. 

Many  practical  applications  of  this  property  suggest  themselves. 
Two  messages  may  be  sent  over  a  telegraph  line  at  the  same  time 
in  opposite  directions  by  using  two  voltameters  with  the  aluminum 
on  opposite  sides.  All  trouble  from  variable  resistance  is  thus 
avoided. — Joum,  de  Phys.^  iv,  84.  k.  c.  p. 
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II.   Geology  and  Natural  History. 

1.  Tf'C  Sur/tut  Geoloff'/  of  Ohio:  by  J.  S.  Nkwbbrbt.  HO  pp. 
8vo.  ( From  tbe  Report  of  the  Geological  SurTey  of  Ohio,  tuL  iL 
Colnmbas,  1874.) — Vr.  Newberry  here  presents  id  detail  the  niaaT 
CnctH  which  he  hits  observed  conDeeted  with  the  Quatemnry  of 
(.>hio  and  the  adjoining  Slates,  and  the  conclnsions  to  which  his 
various  obserralions  have  led  bim.  The  enccessive  evenlB  of  tbe 
Qtinlemary,  which  he  gives  in  the  opening  part  of  the  chapter.  &re 
briefly  as  follows: 

(1,1  The  period  of  cold  and  tbe  great  glacier  over  New  EngloDil 
and  the  region  west,  north  of  the  Ohio,  during  which  the  laoil 
Stood  above  ite  present  level 

(S.)  A  period  of  lower  level,  milder  climate,  retreating  glaciere, 
great  fVesbvater  lakes;  and  also  of  the  deposit  of  the  bowlder 
cUy,  wliich  is  usually  tfainlv  laminated  in  Ohio  and  contains  do 
bowlders;  also  of  extended  forests  over  tnucb  of  the  region  left 
bare  by  the  retreat  of  the  glacier  from  Ohio.  Indiana  and  Illinois, 
and  of  the  fonnation  of  pent  beds,  in  which  occur  the  remains  of 
tbe  Mastoilon,  Kl(^|ibaut,  Castoroides,  etc. 

(3.)  A  further  subudence,  making  the  Misidstiippi  an  arm  of  tite 
aea,  and  putting  that  part  of  the  continent  inclnding  Soothem  Ohio 
under  salt  water ;  the  lime  when  deposits  of  sand  and  grave]  were 
'tver  till'  |ieat  lieils  'if  Soutluirii  Ohio,  lacustrine  clays  Isi'i 
ij  Northern  uhio,  iind  the  lii.-ss;iloiigtlie  Mif^sissippi  Valley; 
wlii'jj  icebi-rys  floated  .>ii.iiitljw;ir(]  ui'J-li.ih  iJie  givM  lalte  re^ncn 
from  the  Canadian  highlands,  carrying  bowlders,  gravel  and 
earth ;  when  portions  of  the  highlancis  of  Ohio  were  low  Islande 
and  shallows,  and  sand  and  gravel  were  accumulated  and  assortwl 
about  ihein  by  the  waves;  when  certain  drainage  lines  were 
determined,  as  those  along  the  valleys  of  the  Wabash,  Scioto, 
Muskingum  and  the  Beaver. 

(4. 1  A  very  gradual  "  retiicment  of  the  sea,"  with  "  inten,-als of 
rest  and  recession;"  and,  as  n  consequence,  the  formation  of  tw- 
races  along  river  valleys,  "  by  the  arrest  of  their  flow  and  the 
deposition  of  the  materials  they  transported  in  the  dead  water 
which  partially  filled  these  valleys;"  the  gradual  draining  of  the 
lake-ri-gion,  leaving  old  shore  lines  around  the  lakes  with  terraces 
or  lake  ridges  in  some  parts  of  their  circuit. 

The  eras  of  elevation,  subsidence,  and  subsequent  elevation, 
iniliciitcd  ill  ft  1,  2  and  .'5,  and  4,  are  those  which  the  writer  ha* 
defined  sis  the  Glacial,  Champlnin  or  Fluvial,  and  Recent  or  Ter 
race  periods. 

No  marine  relics  of  the  era  of  submergence  (g  3)  are  stated  to 
occur  over  the  region  that  is  supposed  to  havelieen  then  under  the 
sea,  or  in  the  deposits  then  made :  that  is,  in  the  lu'ss  along  the 
MiBs^^.»itlpi  liivcr,  or  the  beds  of  Southern  Ohio.  In  fact,  the 
fossils  found  are  those  of  the  land  or  of  fresh  water,  and  have  led 
others  to  regard  the  de^'sit*  as  aiwiyly  of  river  origin.     Indeed, 
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this  seems  to  be  the  opinion  which  Dr.  Newberry  presents  in  his 
chapter  on  the  loess,  pages  36-38. 

Dr.  Newberry  follows  the  announcement  of  his  conclusions  by 
an  account  of  his  obserrations  on  the  Drift  deposits  of  Ohio,  the 
old  deserted  and  buried  river  channels  of  the  State  and  elsewhere, 
the  heights  and  positions  of  the  lake  ridges,  and  on  other  topics 
of  interest.  The  more  prominent  lake  ridges  south  of  Lake  Erie, 
as  shown  on  a  map,  are :  the  '^  North  ridge,"  nearest  the  lake, 
99  to  105  feet  in  height  above  the  lake ;  the  '^  Center  ridge,"  148 
to  162  feet ;  and  the  '<  South  rid^e,"  200  to  205  feet.  Others  also 
are  named :  the  ''  Coe  ridge,"  which  may  be  identical  with  the  last, 
180  to  200  feet;  the  "  Sugar  ridge,"  165  to  167  feet;  the  "  Chest- 
nut ridge,"  189  to  191  feet.  How  far  the  different  levels  of  these 
lake-ridges  are  due  to  differences,  existing  before  the  elevation,  in 
the  level  of  the  high-water  flats  along  the  lake-borders,  and  to 
the  existence  of  other  mud  or  sand  flats  under  water  at  different 
levels,  it  is  hardly  possible  to  determine.  In  bays  and  lakes  hav- 
ing shallow  shore  regions,  such  flats,  various  in  level,  are  common ; 
and  after  an  elevation,  they  would  exist  as  terrace  plains  and  be 
of  different  heights  because  retaining  their  former  differences  of 
level. 

In  the  remarks  on  the  origin  of  the  cold  of  the  Glacial  period, 
Dr.  Newberry  gives  his  objections  to  the  theory  of  Lyell,  and 
states,  in  the  course  of  his  remarks,  that  this  theory  is  that  advocated 
by  Prof.  Dana.  He  has  not  appreciated  the  paragraphs  in  the 
last  edition  of  Prof  Dana's  Geology  (pp.  541  and  755),  in  which 
the  cold  climate  is  attributed,  not  simply  to  an  elevation  of  high- 
latitude  regions,  but  to  the  effect  which  such  an  elevation  would 
have  on  the  oceanic  currents,  and  thereby  on  the  distribution  by 
these  currents  of  heat  and  cold,  as  noticed  in  this  volume  on  page 
314. 

Dr.  Newberry  has  labored  long  and  zealously  among  the 
Quaternary  deposits  of  Ohio  and  the  adjoining  States,  and  his 
chapter  on  the  subject  is  one  that  may  be  studied  with  great 
pront.  J.  D.  D. 

2.  PrototaxUes  of  Dr.  Dawson^  a  genus  related  to  the  Taxinea^ 
— Dr.  Dawson's  view  that  the  Prototaxites  Logani  of  the  Devon- 
ian of  Gaspe,  cannot  be  regarded  as  a  sea-weed,  a  surged  by  Car- 
mthers,  appears  to  be  sufficiently  sustained — independently  of  the 
argument  from  the  structure — ^by  the  following  facts  which  Daw- 
son has  published  respecting  the  condition  and  general  character 
of  the  fossil*  He  says  (in  a  paper  in  the  "  Monthly  Microscop- 
ical Journal"  for  August,  1873)  that  "the  mode  of  occurrence  is 
sufficient'' to  convince  any  practical  palneontologist  that  the  plant 
cannot  be  a  sea-weed.  Its  large  dimensions,  one  specimen  found 
at  Gasp6  Bay  being  three  feet  in  diameter;  its  sending  forth 
strong  lateral  branches,  and  gnarled  roots ;  its  occurrence  with 
land  plants  in  beds  where  there  are  no  marine  organisms,  and 
which  must  have  been  deposited  in  water  too  shallow  to  render 

*For  a  figure,  see  Dana's  Manual  of  Geology,  1874,  page  268. 
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poHHible  the  existence  of  the  \\\r^v  oceanic  Algn  to  which  Mi. 
CaiTulhera  likeiiB  the  pUnt — tbenK  ure  all  conditions  rcqniing 
ue  to  i)U|i|JOBe  thai  the  plant  grew  on  the  land.  Further,  ttw 
truiika  are  (iresei-ved  in  fianilelonc,  retaining  their  rotundity  of 
fonu  even  when  prostrate;  and  aro  thoroughly  pencttntted  niih 
silica  except  the  thin  coaly  bark.  Not  only  arc  Algte  tncapabU 
ol'  (iccurriijo;  in  this  way,  but  even  the  leas  dettne  and  durable 
plautH,  as  Sluillariw  and  Lepidod«ndra  are  never  foond  thus  pr»- 
nerved.  Only  the  txtremely  durabli'  tmoke  of  coniferous  trttt 
%K  capable  of  uresorvaiiou  under  such  circuinatancea.  la  tbt 
very  beilii  iu  which  lliese  ooour,  Lfpidoden'dra,  tree  fcms  and 
PnUQjihytai',  are  fliU.terted  into  mere  coaly  filnia.  This  abeolutclr 
pruv«!i  to  any  one  having  experience  in  the  mode  of  octrorrencc  of 
[iiBHil  plnulM,  Uinl  beru  we  liave  to  deal  with  a  aUvng  and  dun- 
ble  woody  plant." 

The  paper  discufsea  alnu  the  microscopic  structure  of  the  fcaol, 
and  its  probable  atlinittcB. 

3.  FftMil  Vertebr-ilea  <>/  CreiaeMMt  "tul  TiHiafy  o^hUUm  m 
the  »am«  iieds  on  tht  Siutkatr-hxttoii. — Prof.  Co)>e  baa  vsumiued 
fbssila  collected  by  G.  M.  l>awtion  in  beds  of  the  "  Fort  Vnicm 
Group,"  from  a  horiwin  100  to  -lOO  feet  above  the  beds  of  CireUr 
C«oua  No.  &.  They  inolude  among  Dinoaanra,  Ctonidon  aUnofWt 
Cope  (about  the  size  of  C.  "relfitut  I'ope)  iind  a  species  ntluted 
to  Jliidrotaurus.  Uut  with  these  apeeicx  of  Cretaceous  affinlij 
there  iire  two  toitoises  iiT  tlie  ^cniiR  Pboti.ineinix  Cipe  \P.  n-tlrt- 
ve/m  and  /'.  cogtatun  Cope),  ii  gtim.-i  !•!'  llii'  Knci'iir,  -.uxi  scales  of 
Ears,  closely  rcsL'mblin)>;  tlio.se  of  the  genus  ( 'tastes  of  the  Loww 
Eotene  of  the  Kooky  Mountains.  "The  list  of  species,"  aaysCope, 
"lihort  as  it  is,  iiidicatea  the  future  discovery  of  a  complete  trans- 
tion  froni  Cretaceous  to  Eocene  life  more  clearly  than  any  yet 
oblained  in  the  West"  (or  Itocky  Mountain  region). — TVoc.  Aead. 
Kat.  .Sci.  I'Ailad.,  1875,  «, 

4.  Sj/atLtH'tti,;  CiUaloffiie  of  VertArala  of  the  Eocene  of  Nt» 
Me-'-ico,  collected  in  1874.  K  I).  Copk,  A..M.,  PaleontologisL  88 
pp.  8vo.  Washington,  1875.  Geographical  explorations  aud  soi^ 
vcys  under  Lieut.  Wheeler,  of  the  hngmeer  Department,  U.  S.  A. 
— CoLiiaina  descriptions  of  Mome  new  genera  and  many  species  (rf 
^laninials,  with  some  species  of  Reptiles,  and  embraces  many  de- 
tjiils  of  importance. 

.i.  Danhrie  on  the  I'latiiiiferons  rockt  of  the  Urals. — .\t  » 
Bossion  ol  the  French  Academy  of  Sciences  in  March,  Daubr^  de- 
scribed the  rocks  of  the  Ural  affording  platinum.  They  haves 
base  of  chrysolite.  The  masses  come  from  the  conglomerates  neii 
Nischne  Tagilsk,  wlii-ri-  platinum  is  obtained.  Besides  chrvsoli'*, 
serpenline  and  chromic  iron  arc  intimately  associated  with  ifae 
platinu'i'.  The  facts  seein  to  prove  that  the  original  pUtinum- 
bearing  rock  was  a  chrysnlite  rock  more  or  tees  transformed  into 
serpentine,  and  was  accompanied  witfa  diallage,  which  is  common  in 
the  specimens.  The  presence  of  chromic  Iron  is  also  to  be  noted; 
for  it  appears  to  V)U3,t  evvdeni^  s,a  to  the  changes  through  wbieb 
the  gangue  rock  oS  ftic  'p\%t\w)Lro.\ia.i  ^w»sS>. 
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6.  77ie  Geological  Story  briefly  told,  an  Introdtictioji  to  Geol- 
ogy for  the  General  Reader  and  for  beginners  in  the  Science  ;  by 
Jambs  D.  Dana.  264  pages,  12mo,  with  numeroas  ilhiRtrations. 
New  York  &  Chicago.  1875.  (Ivison,  Blakeman,  Taylor  &  Co.) 
Price  tl.50. — ^This  work,  although  Bmall,  and  different  in  arrange- 
ment from  the  author's  Geological  Manual  and  Text-book,  gives 
the  reader  full  illustrations  of  the  principles  of  the  science,  of  the 
methods  of  geological  work,  and  of  the  course  of  geological  history. 
It  is  simple  in  its  language  and  full  in  its  illustrations.  After  a 
few  pages  on  the  constituents,  kinds,  and  structure  of  rocks,  it 
takes  up,  in  Part  II,  the  subject  of  Causes  in  Geology  and  their 
Effects.  Under  this  head  it  explains,  firsts  the  makimj  of  rocks 
(including  the  pi*eparing  of  the  material)  through  the  agency  of 
plants  and  animals,  through  the  quiet  work  of  air  and  moisture, 
through  the  work  of  the  winds,  fresh  waters,  ocoan,  and  ice,  and 
through  heat, — the  last  topic  including  the  etfects  of  contraction 
and  expansion,  the  formation  of  yolcanic  and  other  igneous  rocks, 
and  the  subjects  of  solidification,  metamorphism,  and  mineral  veins. 
Then,  secondly^  it  treats  of  the  making  of  valleys  and  all  depres- 
sions on  the  earth's  surface;  and,  thiraly^  of  the  making  and  shap- 
ing of  hills  and  mountains,  (\)  by  igneous  ejections,  (2)  by  the 
erosion  of  elevated  lands,  and  (3)  by  the  upturning  and  flexures  of 
rocks,  and  bending  of  the  earth's  crust. 

Part  III,  occupying  160  pages,  takes  up  Historical  Geology,  de- 
scribing the  rocks  that  were  forming,  the  most  prominent  kinds  of 
plants  and  animals  that  were  living,  the  mountains  that  were 
making,  and  other  events,  during  each  of  the  successive  ages  in 
the  course  of  geological  time ;  and  ends  with  a  brief  review  of  the 
pr^ress  of  life. 

'TikiB  Yolume  is  handsomely  printed,  and  contains  several  cuts 
not  in  the  Manual  of  Geology. 

7".  Catcdogue  of  Lower  Silurian  Fossils  of  the  Cincinnati 
Oroup,^  found  within  40  or  60  miles  of  Cineinfiatiy  with  descrip- 
tions of  some  new  mecies  of  Corals  and  Polyzoa;  by  U.  P. 
Jambs,  Cincinnatu  New  edition,  much  enlarged,  8  pp.  large  8vo. 
Cincinnati,  April,  1876. — The  new  species  desciil)ed  by  Mr. 
James  are  Cnoettkes  oalycula^  C,  davacoideus^  C.  Cinciunatien- 
sis,  C.  (/)  O'Niecdliy  Alveolites  (f)  granulosa^  Ceramopora  Nichol- 
soniy  PtUodictya  aeumincUa  and  Alecto  fiexilis. 

8.  Origin  of  the  Lower  Silurian  Limonites  of  York  and 
Adams  Counties,  Pennsylvania;  by  Persifok  Frazbb,  Jr. — 
(Proc.  Amer.  Phil  Soc,  March,  1876.) — Mr.  Frazer,  after  describing 
the  limonite  deposits,  attributes  the  origin  of  the  ore  to  the  presence 
of  pyrites  in  the  slates,  llie  beds  usually  lie  between  the  slate 
and  Lower  Silurian  limestone,  but  the  latter  is  generally  little,  if 
at  all,  acted  upon  or  eroded,  and  often  is  not  even  stained. 

9.  Bbntham,  Revision  of  the  Sub-order  Mimoseas. — This  paper 
forms  the  third  part  of  the  30th  volume  of  the  Transactions  of 
the  Linnean  Society,  Alls  over  300  quavto  pages  of  letterpress, 
and  is  illustrated  by  five  plates,  exhibiting  the  principal  varieties 
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in  dw  Itftiwn  of  Mimomm.  The  g"'*?'  ^ 
1900  afaam,  ntin  29  gnwta,  *w  fnt  pot  idio  ^lood  order  by 
Jlr.  »*— 'fc*—  Btpvot  SO  ran  afp>;  sod  be  ba»  nor  ukeo  oca-  . 
MM  to  nriw  it  eoaplaetj,  wUie  ■tadnne;  ibe  South  Araentaa 
mttia  be  the  J'Tars  BragMmtit,  after  bsviog  re-eiumned  tbe  I 
Awtnlna  ooea  far  hii  Pier»  A^adfoliea,  Tbe  gvoew  dbu»eUn, 
(oBftded  Buisly  o*  ifae  MMMMi,  of  vhkfa  he  nude  bsppjr  nw  in 
ihr  ronner  nooogrspk,  lutn  Mood  tbe  test,  u  being  tbe  best  at 
well  as  tbe  reii^rat ;  Md  his  bcile  vrvieemeDt  hu  appnired  t^ 
■elf  to  otber  botsaiots  (whb  one  exocfttion)  as  veil  as  la  his  ova 
enlarged  expericnoe,  U«  baa  dov  Isroagfat'  in  a  neir  sab^idiarj 
^hanieter,  iMt  iA  the  prcaence  or  abacBce  of  ^bame«  in  the  swds. 
ma,  fcr  metaace.  is  pmi>Dt  is  Hitnotea  bat  not  m  the  ^ranViF 
and  Ii%geae,  L  &.  the  tnbea  with  iodefiniie  siamens.  As  to  gcueta, 
tlie  ad^e  "  bj  their  fhuis  re  stiall  know  tfaetn,"  however  Iroe  it 
may  be  daewbeT«,  has  little  application  here.  This  is  tlli»trated 
by  the  Cgiues  of  th«  ptMle  of  i  arioae  Mimoteft  and  Aefidnr  sab- 
^ned  to  tbe  mentoir,  and  i#  ebown  in  tbe  lenerpreos  br  a  raienl 
discnaaioD  of  the  fatt^  As  to  geographical  di^tribotion,  it  ia  ia- 
t«rasting  to  not«  tbal  Mr.  Ueotham  reduces  the  nmnbor  of  specitB  ' 
reallj  eommoo  to  the  New  aod  to  the  Old  World,  without  aoT  en-  ^ 
denoe  or  reasonable  Hu^iciim  of  recent  traxtsportalion.  to  fonr 
aperies.  Entada  aeandeitM,  with  its  bnge  pods  and  hard  seedfi, 
iMit  rarelj  watl«d  acrosa  the  Atlantio  br  the  Golf  Stresm,  is  one ; 
if  of  African  origin,  the  trade-wind  onrrent  may  hare  ipTen  it  to  i 
the  West  Indiea.  ifepbutia  ottraeea  is  a  tzopncal  aqvatie,  foa-  I 
jectxirally  of  Sonlh  Ameri«ir  origin,  the  seeds  of  which  mav  hiv* 
(rav  •T'^-'l  till-  Atktitic  :  Min.o.-' ny»:r.it.t.  j>rnbalilv  abo  Anrerican. 
is  not  quite  so  readily  accounted  for  iu  Africa ;  and  the  fonrth, 
A'-'i'-ia  Faniegiana,  is  still  more  puzzling:  but  it  ironld  seem 
somehow  to  have  found  its  way  from  Western  Sonth  America  to 
Australia  and  the  Indian  Archipelaeo  liefore  the  davs  of  Colnm- 
bns ;  vet  in  all  four  cases,  the  want  of  differentiation  ia  thonrfht 
to  indicate  a  com  parti  lively  modem  dispersion.  Of  distinct  l>ui 
closely  representative  species  in  the  two  hemispheres,  Mr,  Heotham 
eniimL-rates  nine  pairs.  He  mitrht  have  adde<l  tbe  case  of  two  in- 
sular species,  Aracin  helerophylki  oi  Mauritius,  and  A.  Kon  oi 
the  tSandwich  Islands,  only  that  he  doubts  if  the  two  are  suffi- 
ciently distinct.  Seventeen  of  the  20  genera  are  restricted  to  one 
of  the  two  hem i spheres  :  but  nine  of  these  have  onlv  from  one  to 
three  species,  and  but  two  {Albhzia  in  the  Old  World  and  Jngn  in 
tbe  Xew)  are  at  all  nnmerous  in  species.  Upon  tbe  more  specula- 
tive discussion  of  the  geographical  data  in  reference  to  probable 
derivation,  we  cannot  here  enter.  The  subject  is  treated  after 
the  manner  adopted  in  the  memoir  on  Cas-'ia  and  that  od  Com- 
poai'it.  Remarking  the  great  .\merican  predominance  of  the  order 
in  all  its  tribes,  the  author  acutely  remarks  that  "this  high  degree 
of  recent  luiuriance  and  prosperity  of  American  races,  however,  can 
by  no  means  be  relied  upon  as  evidence  as  to  local  origin,  or  even 
as  to  comparative  remoteness  of  antiquity ;  for  that  may  rather 
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be  sought  for  where  there  are  the  greatest  number  of  highly  dif- 
ferentiated monotypes  or  oligotypes  of  limited  areas  and  fixed 
characters,  exhibiting  the  last  remains,  as  it  were,  of  expiring 
races ;  and  these  are  undoubtedly  to  be  met  with  chiefly  m  the 
Old  World — in  the  first  place  in  East  Africa  and  the  Mascarene 
Islands,  and  secondly  in  the  Malayan  Archipelago."  But  the 
search  for  original  birth-places,  as  he  intimates,  leads  only  through 
hazardous  conjectures  into  thick  obscurity.  Our  notice  is  con- 
fined to  the  few  prefatory  pages,  on  account  of  their  general  in- 
terest. As  to  the  monograph  itself,  it  is  a  model,  in  form  and 
substance.  The  nominative  specific  characters  make  a  most  fav- 
orable presentation  of  that  mode.  Still,  where  condensation  is 
important,  the  single  sentence  and  the  prevalent  ablative  case 
have  some  advantage  in  terseness.  a.  o. 

10.  Flora  of  JBrituh  India,  by  J.  D.  Hookbb,  C.B.,  etc., 
€U9ist€d  by  varioua  botanists.  YoL  I,  pp.  740,  8vo.  Reeve  & 
Co.,  London.  1872-1875. — The  third  part,  issued  at  the  close  of 
the  past  winter,  brines  this  important  work  up  to  the  close  of  the 
first  volume,  and  neany  up  to  the  LeguminoscB,  This  present  part, 
which  begins  with  GeraniacecB  and  Rutaceos,  from  the  editor's 
own  hands,  is  otherwise  mainly  the  work  of  three  or  four  English 
collaborators  who  have  been  enlisted  in  it,  Messrs.  Bennett,  Hiem, 
and  Lawson,  and  also  Dr.  Masters,  the  latter  a  botanist  of  no 
little  experience.  The  younger  botanists  at  all  capable  of  this 
kind  of  work  are  few ;  accessions  to  the  number  are  heartily  to 
be  welcomed.  By  their  aid,  under  Dr.  Hooker's  efficient  super- 
'vision,  we  may  hope  that  this  great  undertaking  will  be  duly 
earned  through.  a.  g. 

11.  MiSRS,  On  the  Lecythidaceos, — A  splendid  memoir,  of  64 
pages  and  33  plates,  large  quarto,  forming  the  second  part  of  the 
80th  volume  of  the  Transactions  of  the  £innean  Society,  1874,  a 
wonderful  piece  of  work  for  a  man  of  Mr.  Miers'  great  age.  He 
proposes  to  restore  the  Lecythidem  or  Lecythidacem  as  an  inde- 
^ndent  order.  The  plates  illustrate  the  floral  structure  of  the 
twelve  genera  which  the  author  recognizes,  and  the  fruits  of  most 
of  them.  It  is  a  remarkably  interesting  group,  consisting  of  huge 
^rees,  all  tropical  American,  with  singular  flowers  and  large  woody 
I'mits,  a  sort  of  pyxis,  containing  numerous  nut-like  seeds,  of 
^rhich  Brazil-nuts  (from  JBerthoUetia  excelsa)  and  Sapucaiaruuts 
^^from  a  species  of  Lecythis)  are  well-known  examples.  Few  botan- 
ists have  had  the  opportunity  of  properly  studying  these  noble 
plants,  and  no  one  has  devoted  to  them  so  much  attention  as  the 
veteran  Miers.  a,  o. 

12.  Synopsis  JFVicum. — ^The  second  edition  of  the  Synopsis  of 
aU  known  Fems^  by  Hookbb  and  Baker  (London :  Robert 
Hardwicke),  issued  near  the  end  of  the  year  1874,  has  just 
reached  us.  It  bears  Sir  Wm.  Hooker's  honored  name,  for  the 
work  was  planned  bv  him,  as  an  abridgement  of  the  Species  FUp- 
cum,  and  the  first  sheets  had  passed  through  the  press  before  his 
death ;  but  most  of  the  volume  was  prepar^  by  Mr.  Baker,  from 
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mere  notes  »nd  indicHtiouB  hy  his  jjreHccessor  and  from  his  own 
stailies  of  the  rich  maieriaU  which  were  resHy  to  hU  hand, 
Acf:ori!ingIv,  in  any  particular  reference  to  the  cotit€nts,  nfter 
p.  48,  Mr.  liaker'B  name  would  be  used.  The  original  efiition  wm 
l§eueil,  in  auccesaiwe  i.arts,  between  IMS  and  1888.  A  new  one 
hss  long  been  wanted,  and  still  is  so,  in  a  certain  sense.  For, 
althongh  the  editor  has  "  endeavored  in  this  edition  to  briefly 
cbarncterize  and  fit  into  their  places  ibe  new  discoveries  and  the 
plants  found  upon  fnller  informa^on  to  have  been  inadequately 
dealt  with  in  the  first,"  he  has  not  been  able  to  deal  with  them 
quite  freely.  The  pages  are  in  Bt«reotvi>e,  so  that  the  body  of  the 
old  work  has  been  reprint  lui — no  doubt  with  corrections  as  far  as 
might  be — and  the  udditions  are  collected  in  an  appendix  of  TS 
pages,  followed  by  a  good  new  index  to  the  whole.  This  most 
serve  for  the  present,  and  fern-students  will  be  \ery  thantlnl  for 
the  new  help.  But  we  hope  that  Mr.  Baker,  in  due  time,  will  re- 
elaborate  the  order  completely.  a.  g. 

1:1.  GniSEiiAcn,  PUtnt<f  Jjorentxiana. — An  elaborate  pa]tcr,  of 
213  pages  and  two  plates,  4to,  separately  issued  from  the  19th 
volume  of  Transactions  of  the  Royal  Society  of  Scienres  of  Gotliii- 
gen,  1 874,  It  describes  a  good  collection  of  plants  of  the  Argen- 
tine Republic  made  by  Prof.  Lorente  of  Cordoba.  It  is  prefa<vd 
by  a  bnef  account  of  the  region,  followed  by  some  remRrks  ujioo 
the  more  interesting  plants  of  the  collection,  under  their  natnnl 
orders.  Alany  new  species  aie  proposed  and  a  few  new  genen. 
Under  Mydroleo'eiF.  a  name  adopted  instead  of  Hydrophylla<xi» 
(wo  Xiinw  not  h!)v).  ;i  ni-w  X^.nw  nnd  a  new  Phnrdia  -.m^tt- 
6.crilM...l;  abu  a  iiVw  "  Ln-'uns,  vahle  aiiomalinci,"  •'ilerrh'/m'-iihi. 
which  is  appeniled  to  the  order,  along  with  Vardi'-pleris!  Tlie 
suggested  relationship  is  not  apparent.  a.  <.■. 

14.  Bot'inical  I 'otitrihutiont  contained  in  the  PfMietflinn*  of 
the  Ameri'^aii  Acadenii/  of  Arta  and  Seienct»,  vol.  x,  |s76.— ThiB 
volume,  just  about  to  be  issued,  eoutains  the  piipers  communicated 
to  the  Academy  and  accepted  for  publication  during  the  year 
ending  in  3Jay,     The  botanical  papers  are, — 

Conaj*ertu*  of  the  Xorth  Americnn  IIi/drophyUat:ece  ;  by  Asa 
Gray.  pp.  312-332.  As  this  paper  consists  wholly  of  descriptive 
matter,  some  ijenei'al  considerations  respecting  the  order,  its  dis- 
tribution, affinities,  Ac.,  may  hereafter  bo  given  in  this  Journal. 

lievision  of  the  Gnuus  Cennothna,  and  DftcHptiotiit  ofA'ev 
Ptanfs,  iritli  a  S'/nopeU  of  the  Western  ^tecies  of  Si/ene :  bj 
Sekeno  Watkox.  pp.  338-350.  Thospecies  of  CeaiioiAiu,  mainly 
CalifoiTiian,  had  become  difficult  of  determination.  They  are  here 
cleared  up  and  arranged,  under  28  species,  two  or  three  of  which 
are  still  obscure  or  uncertain,  and  disposed  under  two  groope 
(Euceanothut  and  Ctn/s(efl),  which  are  well  marked,  but  nardly 
worthy  of  snbgoneric  rank  and  substantive  namesi. — The  mie- 
cellanoous  now  species  described  are  3'2  in  number,  all  ■western, 
but  the  first  is  a  low  '.'/iviM'/is,  which  belongs  as  far  east  as  Knnsa& 
Among  them  are  eleven  species  of  Silene,  of  Oregon  and  Califor 
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nia,  the  determination  of  which  led  to  a  study  of  all  our  western 
Silenes.  The  results  are  briefly  recorded  in  a  foot-note,  giving 
the  diagnoses  of  21  species.     At  this  rate  we  may  rival  Europe. 

List  of  the  Marine  AlgcB  of  the  United  States^  with  notes  of  Neio 
and  Imperfectly  Known  Species ;  by  W.  G.  Fablow.  pp.  351- 
280.  The  ])receding  papers  bear  the  date  of  publication  (April, 
1875)  as  well  as  that  of  presentation,  which  it  is  well  to  know. 
It  is  omitted  in  Professor  Farlow's  neat  and  useful  paper ;  but 
copies  had  reached  us  before  the  Ist  of  May.  The  species  of  the 
list  being  continuously  numbered,  we  perceive  that  they  amount 
to  430,  of  which  64  are  additions  to  Dr.  Harvey's  Nereis  (1857), 
and  three  or  four  are  new.  The  notes  are  numerous  and  critical. 
We  understand  that  Professor  Farlow  intends  to  follow  up  this 
paper  with  other  publications  upon  our  Algw.  a.  o. 

15.  Daniel  Hanbuby. — Not  long  ago  we  called  attention  to  a 
most  valuable  book,  the  Pharmacographia  or  History  of  Drugs^ 
by  Prof.  Flttckiger  of  Strasburg  and  Daniel  Hanbury  of  London, 
the  first-fruits  of  much  investigation,  the  precursor,  as  was  h()|)e<l, 
of  more  extended  similar  works  by  the  English  author.  We  have 
now  sadly  to  record  the  decease  of  Mr.  Hanbury,  of  enteric 
typhoid,  on  the  24th  of  March,  at  his  residence  on  (Jlapham  C'om- 
mon,  in  the  50th  year  of  his  age.  The  obituary  and  biographical 
notices  which  have  appeared  in  the  London  scientific  jounials, 
and  in  the  Proceedings  of  the  learned  Societies,  as  well  as  loving 
individual  tributes  to  an  endeared  memory,  have  given  expres- 
sion to  the  loss  which  has  been  sustained,  and  delineated  the 
outlines  of  a  most  worthy  and  winning  character.  The  loss  is 
deplored,  personally  and  scientiiically,  over  wider  circles  and  on 
this  side  of  the  Atlantic.  The  pupil  and  friend  of  Pareira  and 
his  successor  in  his  line  of  work,  an  adept  in  pharmaceutical 
knowledge,  a  keen  botanist,  and  a  most  assiduous  and  conscien- 
tious investigator,  a  man  of  simple  and  pure  tastes,  and  happily 
of  sufficient  means,  he  had  just  withdrawn  wholly  from  business 
in  the  noted  house  in  which  he  had  an  inherited  share,  so  that 
he  might  devote  his  powers  and  acquisitions  without  distraction 
to  the  natural  history  of  drugs  and  useful  vegetable  products. 
He  had  already  done  much :  more  than  sixty  articles  were  con- 
tributed by  him  to  a  single  journal,  the  editor  of  which  declares 
that  "the  quality  of  what  he  did  was  almost  faultless,''  that  " lie 
never  wrote  without  having  original  infoi-mation  to  impart,  and 
his  papers  uniformly  bear  evidence  of  careful  investigation  and 
thorough  knowledge."  The  Transactions  and  Journal  of  the 
Linnean  Society  (of  which  he  was  repeatedly  a  Councillor  and 
the  Treasurer  at  the  time  of  his  death)  contain  several  of  his 
papers.  His  first  published  paper,  "  On  Turnsole, "  appeared  in 
1850 ;  his  latest,  on  the  "  Countess  Chinchon  and  the  Cinchona 
genus,"  appeared,  since  his  death,  in  "The  Academy"  of  the  third 
of  ApriL  An  ardent  botanist  and  lover  of  plants,  he  travelled 
much  in  the  south  of  Europe,  accompanied  Dr.  Hooker  in  his 
explorations  of  Lebanon,  and  took  an  active  interest  especially 
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m  the  introduction  of  officinal  plants  and  in  ornament^  caltivir 
tion.  Wiih  one  villa  •  givden  on  the  shores  of  the  3Iedilerr&- 
nean — tbat  of  his  brother  at  Alortola— his  memory  to  us  is  indel- 
ibly asi^ocLtlol.  Although  remarit»)>ly  self-reliant,  Mr.  Hajibuiy 
was  the  opposite  of  self-asserting  or  atubitious;  but  his  stcrline 
worth  was  boou  recoguiaed  by  the  prindpal  learned  societies  and 
associations.  He  was  early  chosen  into  the  lloyal  Society  and 
served  upon  its  Conooil  in  1^73.  Born  and  educated  in  the 
Society  of  Friends,  he  remained  a  devout  and  attached  member 
of  it,  while  the  graces  and  goodness  of  his  character  endeared 
him  to  all  who  knew  him.  With  the  sense  of  personal  loss  his 
scientific  comrades  mingle  deep  regrets  that  a  career  of  nnnnuJ 
nsefnlnoss  and  promise  is  ent  short,  and  that  in  a  line  in  which,  it 
ia  to  be  feared,  be  leaves  no  successor.  ITaniuriii  J/eruMmi7, 
a  striking  Cucorbitaceous  genus,  commemorates  hia  services  to 
Botany.  a.  g. 

16.  TTie  CrutUiceajia  of  the  Ciivea  'jf  Kei,t>irky  and  Indiana  ; 
by  8.  I.  Surra. — Through  the  courtesy  of  Dr.  Packard  of  Salem, 
Mass.,  I  have  recently  been  enabled  lo  examine  the  types  of  his 
Crangony^  vUrena  from  near  Orleans,  Iiid.,  and  also  seven^ 
sptK^iraens  of  an  amphipod  collected  iu  Sjammotb  ('ave  by  him- 
self. All  the  specimens  from  Msmmolli  Cave  are  of  a  single 
species,  which,  there  can  be  little  doubt,  is  really  the  Stygobro- 
tmu  vitreua  unintelligibly  described  from  the  same  locality  by 
ProfiBfisor  Cope.  The  Bptxues  is  really  a  Crangonya  and  it  ehonid 
fltand  as  C.  vitreua,  allfaougb  very  dififerent  from  the  one  from 
Indiana  which  is  referre'l  to  Copers  species  bv  Dr.  Pack:ird  anil 
by  faira  ciilk'^!  C.  ritr^ii^.  It  is  :i  »iii;i!l  spi-uies,  llio  U.rgwi 
specimen  being  less  than  a  fourth  of  :in  inch  |.i'2  mm.)  lone,  up- 
pareutly  wholly  eyt^less,  and  remarkable  for  the  nidimentary 
character  of  the  tinibrancheii  posterior  caudal  slylets,  which  are 
shorter  than  the  tolson.  It  seema  to  be  mar  the  typical  species 
described  by  Bate,  atid  it  is  closely  allied  in  some  respects  to  ('. 
leiitiis,  also  an  apparently  eyeless  species,  which  1  have  describe"! 
from  wells  at  Middletown,  Conn.  Since  this  note  was  lir>il 
written,!  have  examined  several  specimens  of  tliis  last  species, 
collected  by  Mr.  J.  K.  Thachcr,  under  stones  in  a  small  brook, 
near  New  Haven.  From  this  it  seems  not  at  all  improbable  that 
the  allied  species  from  Kentucky  and  Indiana — and  very  likely 
also  the  eyeless,  cave  species  of  other  groups— may  still  be  founil 
in  the  surface  streams  of  the  same  region. 

The  flpecimens  of  Dr.  Packard's  species  from  Indiana  arc  hailly 
preserved  but  are  sufficient  to  show  that  the  species  is  very  closely 
allied  to  Cruiv/onyx  gracilis,  from  .Michigan,  Lake  Superior,  etc., 
differing  principally  in  the  structure  of  the  eyes,  which  are  well 
developed  and  abundantly  supplied  with  black  pigment  in  C.  gra- 
cilis,  while  in  Dr.  Packard's  specimens  they  are  observable  with 
difficulty,  are  wholly  without  black  pigment,  are  undoubtedly 
colorless  in  life,  and  arc  probably  only  imperfect  organs  of  vision, 
although  the  structure  of  the  facets  can  be  distincily  made  out. 


Geology  and  Natural  History,  477 

The  other  differences  are  all  very  slight,  scarcely  sufficient  to  dis- 
tinguish the  subterranean  form  as  a  species,  and  certainly  so  slight 
that  they  would  almost  surely  be  overlooked  if  the  two  forms 
were  found  together. 

As  the  crustaceans  have  recently  been  several  times  referred  to 
as  indicating  the  partially  marine  origin  of  the  cave  fauna  of  the 
Western  States,  a  word  in  regard  to  their  affinities  may  not  be  out 
of  place.  The  species  already  described  from  Indiana  and  Ken- 
tucky are  the  following:  Cambarus  Bartonii  Erichson,  Mam- 
moth Cave ;  (7.  pellucidus  Erichson,  caves  in  Ky.  and  Ind. ; 
Crangonyx  vitreus  Smith,  Mammoth  Cave ;  C,  Packardii  Smith, 
wells,  Ind.;  Ccecidotea  stygia  Packard,  caves  and  wells,  Ind., 
and  Mammoth  Cave ;  Euphiloscia  Elrodii  Packard,  caves,  Ind. ; 
Catdoxenus  sty  gins  Cope,  caves,  Ind.  The  genus  Cambarus  is 
strictly  confined  to  American  fresh  waters,  and  C,  Bartonii  is 
one  of  the  commonest  species  in  the  streams  of  the  Western 
States.  CrangouyXy  as  far  as  known,  is  wholly  confined  to  fresh 
water.  CcBcidotea^  as  far  as  we  can  judge  from  description  and 
figures,  is  scarcely  distinguishable,  except  in  wanting  eyes,  from 
AselluSy  a  characteristically  fresh  water  genus.  The  JEkiphiloscia 
was  found  also  outside  the  caves  and  is  allied  to  other  terrestrial 
genera.  The  Catdoxenus^  a  Lemsean  parasite  of  the  blind  fish, 
18  so  poorly  described  and  figured,  and  the  genera  of  the  whole 
group  to  which  it  belongs  are  so  difficult  and  imperfectly  known, 
that  it  is  useless  to  speculate  on  its  exact  amnities.  In  our 
Western  and  Southern  States,  species  of  perch,  brook  trout,  the 
siscowet,  lake  white-fish,  species  of  Catostomus  and  Pomotis^  and 
other  fresh  water  fishes,  are  infested  with  different  species  of 
LernsBans,  and  there  is  no  more  reason  for  regarding  Cauloxefius 
as  a  "  marine  form"  than  any  of  these  parasites.  As  well  might 
we  call  a  Cambarus  or  a  Crangonyx  a  marine  form  because  the 
great  majority  of  the  species  of  the  orders  to  which  they  belong 
are  marine.  Considering  the  crustaceans  alone,  I  can  see  no 
reason  for  supposing  that  the  fauna  of  the  caves  of  Kentucky  and 
Indiana  has  oeen  derived  from  any  other  source  than  the  recent 
fauna  of  the  surface  of  the  neighboring  region. 

17.  United  States  Commission  of  Fish  and  Fisheries,  Part 
IT,  Report  of  the  Commissioner  for  1872  and  1873,  with  Supple- 
ifientary  Papers,  8vo,  cii,  808  pp.,  with  37  plates  and  four  maps. 
Washington,  D.  C,  1874.  Received  April,  J  875. — In  this  very 
valuable  report  Professor  S.  F.  Baird,  the  Commissioner,  has  pre- 
sented us  with  a  vast  amount  of  information  concerning  the  fresh- 
water fishes  and  fisheries  of  the  United  States  and  other  countries, 
together  with  extended  accounts  of  what  has  been  accomplished 
in  the  way  of  artificial  propagation  of  the  fishes,  and  their  intro- 
duction into  rivers  and  lakes  in  all  parts  of  the  United  States, 
whether  by  the  commissioners  of  the  various  States,  or  under  his 
own  authority.  The  scope  of  the  work  may  be  seen  from  the  fol- 
lowing summary  of  contents : — Inquiry  into  the  decrease  of  the 
food  fishes ;  Action  in  regard  to  propagation  of  food-fishes  (shad, 
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SUitw  mIbou,  RUae  mIbmb.  CaSfenis  nihMB,  vyte-fiab) ;  M«l- 
lipBcalitM  of  fiih  n  giaccBl.  iBclaitwm  »  Ustarr  of  fislMnltBR 
■M  tlie  taiiw  aodM  of  pnpagpMai^  Ui  of  diflercnt  ld>id\ 
The  procrfMg  wdgecto  «re  oeued  ta  iW  «|wml  nf«n  of  liw 
CowiMwiiBii.    Ib  lUitT-fbwr  iwiiplwnKHnr  p"p«^  the  follow- 

Ibe  »|>««i««  at  Con^QBtB,  or  vUte^A,  W  J.  W.  MiIbo-  ;  Dt- 
■cnptions  of  th«  North  Awwiua  ipecin  olMlnoo  and  troat,  bv 
G«<if^  Snckler;  The  Salmon  of  tlw  l>usbc.  or  tbe  backo,  wd 
ilo  iMrodoctioti  into  Ameticae  wateis.  by  R  Hns«l;  Report  of 

■penliaai,  in  ieT3,  at  tlur  U.  SL  hilihlii^  cMabUsbneol  on  tbe 
ifaCtoiJ  Kt«t,  um]  oh  tW  CaHfcnn  SatnoMte  genenOlT,  by 
'iinagtboa  Stooe;  Kveral  ioteratinc  pspos  oa  the  uthiMW  uid 
troat  of  other  puU  of  tbe  Cnited  States  and  Canada,  bj  3fr. 
Stooe,  Cbaa.  Laniaan,  C  6.  Atkitu,  A.  C.  HanQn,  A.  S.  Adami, 
Dr.  H.  C.  Tarrow,  and  otfaera ;  aerml  Tsbuble  papers  ^rii^  ac- 
eoonta  of  tbe  fhad  and  tbrsbad  fisberieam  all  Ibeprincttial  rirm, 
bath  MNithero  and  Dortbcm,  to^Hher  with  aoMNLBte  of  the  raii- 
ooa  expenn>eot«  made  in  tbe  artificial  OMrvaw  of  ^had:  anJ  t 
detaileil  acvoani  \fw  3Jr.  Hitnur  of  the  mode  of  prcpa^ttna  an>l 
estennTe  introdiurtioa  of  voong  shad  into  tbr  rariotts  tixvT*  nfcl 
lake«,  br  tbe  U.  &  Comiuasioaer ;  al»a  a  drtalled  hietory  of  &ti 
rnttnre,  both  in  Europe  and  ^tm-  eoonliy,  ami  descnptiions  rrf 
the  vaiiou  methods  and  appantoF.  Approdiz  £.  is  d^mtrd  to 
Buera  on  obMnnctioaa  presenting  fiabca  from  nacmdJiw  Tariou 
riren,  and  on  fi«b-wan.  ftc,  br  C.  O.  Alkim.,  E.  M.  Stitw^lt.  V. 
C.  K.!mun'Is,  M.  Mi-K.-nnit-.  /.  F.  In-alN,  nihi  J.  ^V.  Mihi.r. 
Apitii'lii  F  is  .levoU-J  to  invcncbratt-  Zu^'lui^r,  i.-il  iiu-lu.i^  a 
de-<'ri['tive  iiaper  on  tbe  higher  frv^h-K-^ttr  Crustacea  of  thf 
northern  Vniteit  Stales,  »nd  one  on  crustacean  parasitf^  of  fish«^ 
with  descriptioiiB  and  fi^rorp^  of  a  number  of  new  ^pecit-e,  liv  S. 
I.  Smith  ;  a  evnopsis  of  ihe  fresb-water  lewhe*,  br  A.  E.  Vcrrill : 
Sketch  of  the  invertebrate  fanna  of  Lake  Superior,  liT  S.  L  Smith; 
Foo-l  of  fre«h-waler  fishe«,  bj-  S.  L  Smith  ;  Natural  fltstory  of  the 
gonnmi,  h\  Theodore  Gill;  Xote«  on  the  gravtiog  {  Thyniiiim] 
of  North  AnK-ri'.'a,  by  J,  W,  Milner.  Also  several  misceliane- 
ons  papers  rel:itin2  to  temjierature*  of  the  Gnlf  of  Mexico  ;  Fi;b- 
cultnre;  Bibliography  of  reports  relating  to  the  fisheries,  eli'. 
The  plates  illustratt.-  a  great  variety  of  trap*,  poands,  weirs  ami 
other  devices  lor  capturins  fishes :  tish-way.< ;  hatching  apparatu-: 
cmstacea;  aquatic  insect  lar\-:e;  the  gonrimi,  etc.  v. 

19,  On  g'fine  I'nrnii'ir  Wonns,  bv  Dr.  Leidt. — Dr.  Leidy  hM 
identified  the  .Iwrim  mijitiir  as  .in  intestinal  worm  of  a  Ben>,Ml 
tiger.  The  specie*  has  been  fjunl  "in  many  other  feline  S[)ecie', 
including  the  domestic  cat  and  lion." 

A  long  thread-worm  from  an  apple,  snbmttte'l  to  Dr.  Leidv.  wsf 
found  by  him  to  be  the  Jifennh  'ic-mhi't''/.  a  specie*  that  is  pan- 
gitic  in  the  I.irvre  ■■f  many  insects,  iitclmling  the  cod  ling- moth, 
or  fruit-moth,  of  the  apple.  He  stales  that  "  twenty-five  years  ago 
he  described  a  worm  (Proc.  1850,   117)  belonging  to  the  coUec- 
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tions  of  the  Academy,  and  labelled  it  as  having  been  obtained 
from  a  child's  mouth,  which  was  evidently  the  same  species.  It 
having  been  in  a  child's  mouth,  is  probably  to  be  explained  by 
supposing  that  the  child  had  eaten  an  infected  apple." 

Two  specimens  of  a  tape  worm,  Tsenia,  were  obtained  by  Dr. 
Leidy  from  the  stomach  of  an  Australian  Wombat.  He  names  it 
T,  bipapiUosa.  An  Australian  Whallabee  afforded,  from  its  peri- 
toneal cavity,  a  Filaria^  which  he  has  named  F,  speloea. — Proe, 
Acad,  Nat.  8ci.,  1875,  14,  17. 

1 9.  Jahreshericht  der  Commission  zur  wissenschqftlichen  Uhter- 
suchung  der  defutschen  Meere  in  Kid^  fUr  die  JaJire  1872,  1873, 
II  und  III  Jahrgang.  Large  4to,  with  12  plates  and  a  chart. 
Berlin,  1875. — This  report  is  a  valuable  contribution  to  the  physi- 
cal and  biological  history  of  the  European  seas.  It  consists  of 
live  parts.  The  first,  upon  the  Physics  of  the  Seas,  is  by  Dr.  H. 
A.  Aieyer.  It  discusses  very  fully  the  physical  features  of  the 
watei*s  of  the  North  Sea.  observed  during  the  cruise  of  the  *'  Pomme- 
rania,"  and  especially  the  temperature  and  specific  gravity.  The 
instruments  used  are  described  and  figured,  and  the  chart  of  the 
North  Sea  gives  the  track  of  the  expedition  and  the  location  of 
the  various  stations.  The  waters  near  the  coasts  of  England, 
Scotland,  and  N  orway  were  explored,  as  well  as  those  of  Holland. 
The  second  part,  by  Prof  Oscar  Jacobsen,  relates  to  the  chemical 
composition  of  the  sea-waters.  The  third  part  consists  of  a  report 
on  the  marine  botany,  by  Dr.  P.  3Iagnus.  He  gives  a  catalogue 
of  the  algaB,  with  their  distribution,  etc.,  and  two  plates.  The 
fourth  part  is  a  report  on  the  Diatomacese,  by  Adolf  Schmidt;  it 
is  illustrated  by  three  beautiful  plates.  The  fifth  part  is  devoted 
to  zoology.  It  includes  a  report  on  the  Rhizopods,  by  F.  E. 
Schulze,  with  figures;  on  the  Sponges,  by  Oscar  Schmidt,  with  a 
plate;  on  Coelentorata,  with  a  plate,  by  K.  E.  Schulze;  on  Echino- 
derins,  by  Karl  Mubius  and  liutchli ;  on  Worms,  with  a  plate, 
by  Karl  Mobins.  Quite  a  number  of  new  forms  are  described  in 
several  of  the  groups.     Among  the  new  Rhizopods  there  is  a  new 

fen  us  and  species  called  Astrodiscus  arenaceus,  which  appeal's  to 
e  very  closely  related  to  a  singular  species,*  evidently  of  the 
same  genus,  which  occurs  very  abundantly  on  the  sandy  bottoms 
off  the  New  England  coast,  in  fifteen  to  forty  fathoms.  We  have 
dredged  it  during  the  four  seasons  past  in  the  Bay  of  Fundy, 
off  Casco  Bay,  in  Vineyard  Sound,  and  off  Fisher's  Island.  It  con- 
sists of  a  flat,  sand-covered,  disk-like  body,  with  a  variable  num- 
ber (usually  five  to  nine)  of  irregular  projections  radiating  from 
the  periphery,  and  emitting,  during  life,  irregularly  branching 
pseudopodia.  Our  species  grows  to  nearly  a  fourth  of  an  inch  in 
diameter,  and  scarcely  differs  from  the  figures  of  A.  arenaceus^ 
except  in  being  usually  covered  by  coarser  grains  of  sand,  and  in 
having  the  projections  a  little  more  irregular,  and  often  branched. 

V. 

*  See  also  the  writer's  Report  on  Invertebrata,  in  First  Report  of  U.  S.  Gommis- 
missioner  of  Fish  and  Fisheries,  p.  503,  1873. 
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11,  Ophiuritiie  and  A»tro/iAyti<l'F,  ineiwling  t/iow-  itrndjfed  t)\ 
late  l>r.  Wm.  Stimptun ;  by  'I^eodoieu  L-tuax.  84  MK,  ^ 
outs  Hnd  five  plates,     Jhii.,  1675. — This  work  coutaine  a  lutrfj 
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ao.   niwitrattid  Cataloffue  of  the  ^fu»e^^m  of  CompartUiwt 
ony.     No.  VIII.    Zooloffical  Results  of  the   Sassier    "       " 
IT,  O/thiurid^  and  A'trojAytid'F,  ineJwH 
late  l>r.    Wm.   Stimptun;  by  'I^eodoieu 
outs  Hnd  five  plates.     Jhii.,  1675. — This  w 

Bppoii-^  iKilkcted  by  the  Hasaler  exj>e<l)tiov,  and  bv  Dr.  Siani 
ID  the  (>ulf  of  Mexico.  Of  these,  19  epeeieB  n-crc  ondesctM 
Our  Itmnrledge  of  the  distribution  of  the  kiiowti  gpt^ieti,  bolfc  rt* 
grail  III  call  y  and  in  depth,  is  much  extendtHi  by  this  caiaJc^ 
Thile  wwernl  genera  are  added  to  the  West  Indian  Eauita,  aWi^ 
irhich  is  the  northern  genus  f)j)Aio»colex,  of  which  a  aem  ip  ' 
lO.  Htimp«onii)  is  defieribed,  ^ta  2411  fathoms  offSomtinnl 
The  other  new  specii-s  belong  to  Ophiomusimn,  Ophitooma,  (h 
oe«ntmi«,  ()jtf>'(ica/itha  (three  spm^),  OphiomttFtt,  AmjiM 
(four  new  «ipecip«,  with  notes  on  known  speciefl),  O^ioemit^ 
Ophiopiax  (gen.  iiuv.),  Attrt-tofw  (ffcn.  nor.),  A^ri>*ch«mtL,  .!» 
trophj/tan  (two  »tecicn).  An  onalyMt-Kl  table  of  the  »iz  ntK% 
niseil  genera  of  Kim  pie  armed  AstrophvioDs  is  f^iveo  on  |ai;c^ 
and  also  of  the  fire  species  of  Atfr-geheiHO.  r. 

91,  TTu  SCft«^-U  of  Eiibr;iol-ujy ;  by  M.  Fo^tek  and  FuJ> 
OR  M.  KALPorn,  "to.  -iTi  pp.,  with  71  ciita.  llacmilLan  &  Co, 
1874. — In  this  work  the  autbora  have  given  a  Tery  complete  ud 
detailed  aeoouiii  of  the  development  of  the  chick,  from  the  egj  v^ 
to  the  period  i>f  h.ilchiiig.  The  work  eontaina  a  Isrge  Muoonlilr 
origiiifti  nistt.T,  and  ttn'  ilifffreiii  views  on  many  jvint*  arc  &wtT 
disfiisscd.  At  ihf  t!id  n  L'liapliT  is  dovoted  to  pratti«tl  instrac- 
tiling  for  flndyiiig  the  em!>rTiiloi:y  "f  birds.  The  book  fonn>M 
excellent  iiitrodiK'tion  !•■  the  gentnd  sia-lv  of  embryology,  as  lA 
>e  a  verv  iiselbl  manual  for  ibo  embrvology  of  birds.  t. 

■a.  ^'aturt  'Tirf  Lift  ;  F<ie*«  nud  ikieUin**  ni-rting  to  tht  Ce* 
MitiHon  of  Matter,  tht  i-ev  Jh/>iamict,  and  Iht  Philoti^y  oj 
Xatiirt  ;  iiv  Fkrvali*  Pipillov;  tran$lat^l  from  the  s«i»d 
French  editiim  by  .\,  R.  Macdonnn^h.  New  York  :  D.  Apukiai 
Jfc  C\\,  IST.I. — This  book  consists  of  a  series  of  essaTs.  wbtdt-ii 
ad'lition  to  the  general  ^nhjecls  indicated  in  the  title,  diacos  ibc 
const  it  Dtion  of  l.ii  in-^  llfin^s:  the  relations  of  Life  lo  Licfat.He*t, 
Electricity.  IW-ts,  Merlit-ament^  Fermenls.  etc.  There  are  ab« 
essavson  .Vuitnal  (iraft*  and  Regenerations;  Great  Epideiina;  ik 
HiTsiology  of  IVaih:  Herv^iiyin  Physiology,  in  Me<iioine,a»dii 
I'sychoU'icT.  These  issays  are  written  in  a  popalar  style  and  «»• 
not  full  lo  interest  and  iu^iruct  a  \ai^  class  of  intelligent  mdtn 

in.    MrscKLLASKors  SciKsnric  Istellwesck. 

1.  On  AiifitMt  Cir^tcrnimgt  in  Kriit^^-ly .-  by  F.  W.  IVrv  i«. 
— Tliai  st>ine  of  the  caves  were  o^e^l  »  placei^  of,  at  It-a^l.  ierz.t-y 
rarj"  i\'*idciiiv.  was  ivnoSosively  shown  by  my  exploiation  rf  ^ 
C»vc,  which  proves  imjvirtaiit  in  revealing  a  new  phase  in  Amtii- 
can  arch,-ev>!oi;y.  This  cave  appri-aihe;  the  Mammoth  Csv^  is 
the  -ittf  of  U<  axviu-.v-s.  iTvi  ^ii-i.m\>iT%.    Ttitvia^hoat    one  ctf  '.!s 
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principal  avenues,  for  several  miles,  were  to  be  traced  the  ancient 
fire-places  both  for  hearths  and  lights.  For  the  latter  purpose, 
■mail  piles  of  stones  were  made  with  a  hole  in  the  center  of  the 
pile  to  receive  the  bundle  of  dried  fagots  perhaps  smeared  with 
grease.  Bundles  of  these  fagots,  tied  up  with  twisted  bark,  were 
found  in  several  places  in  the  cave;  and  canerceds,  probably  the 
remains  of  ancient  torches  of  the  same  character  with  those  found 
in  the  Mammoth,  Short,  and  Grand  Avenue  Caves,  were  also  very 
abundant. 

The  most  important  discovery  in  this  cave,  however,  was  made 
in  a  small  chamber,  about  three  miles  from  the  entrance,  first 
noticed  by  my  guides,  Messrs.  Cutlip  and  Lee.  On  the  dry  soil 
of  the  floor  were  to  be  seen  the  imprints  of  the  sandaled  feet  of 
the  former  race  who  had  inhabited  the  cave,  while  a  large  num- 
ber of  cast-off  sandals  were  found,  neatly  made  of  finely-braided 
and  twisted  leaves  of  rushes. — Eighth  Annwd  Rep,  Peabody 
JIduseum  of  Archaeology  and  Ethnology^  Cambridge,  1876. 

2.  lite  catastrophe  of  the  Zenith. — On  the  morning  of  the  16th 
of  April  last,  under  the  auspices  of  the  Academy  of  Sciences,  the 
Zenith,  containing  the  three  experienced  aeronauts.  Captain  Sivel, 
Croe^pinelli  and  Gaston  Tissandier,  and  well  equipped  for  sci- 
entific work,  started  on  its  ascent  from  the  gas  works  of  La 
Villette,  Paris.  By  1  o'clock,  at  noon,  they  had  reached  an  alti- 
tude exceeding  5,000  meters,  the  barometer  marking  a  pressure  of 
400  millimeters,  and  the  thermometer  5°  C.  They  had  oxygen  in 
bags  for  breathing  in  the  upper  rarefied  air,  and  found  it  very 
beneficial  At  1^  20'  the  barometer  marked  320  mm.,  showing  an 
altitude  of  7,000  meters;  the  temperature  was  ^10°  C,  and  soon 
afterward  7,400,  with  the  temperature  —11°  C.  Sivel  and  Croc6 
were  already  pale  and  very  feeble.  By  mutual  consent  Sivel 
with  his  knife  cut  the  cords  which  kept  closed  three  sacs  of  bal- 
last of  25  kilograms  each  that  were  hanging  outside.  The  three 
sacs  emptying  themselves,  the  balloon  ascended  rapidly,  and  near 
1*^  30'  ail  three  of  the  aeronauts  had  fainted.  Tissandier,  as  his 
consciousness  was  leaving  him,  read  from  the  barometer  280  mm., 
but  was  already  too  much  paralyzed  to  speak  out  his  thought — 
8,000  meters.  Tissandier  and  his  friends  partially  revived,  as  the 
balloon  was  making  a  very  rapid  descent ;  but  again  all  became 
asphyxiated.  The  survivor  supposes  that  more  ballast  was  proba- 
bly dropped  by  one  of  them  to  prevent  a  fatal  descent,  and  up 
the  balloon  went  At  3  o'clock  the  balloon  was  again  descending 
rapidly,  and  Tissandier  became  conscious;  and  at  4  o'clock  it 
struck  the  earth  at  Ciron  near  Le  Blanche  with  a  severe  shock. 
Sivel  and  Croc6  were  dead,  their  faces  black  and  their  mouths  full 
of  blood.  The  greatest  height  reached,  as  indicated  by  the  self- 
registering  barometer,  was  8,640  to  8,600  meters.  The  lessons 
taught  to  science  are :  that  man  cannot  safely  make  a  rapid  bal- 
loon ascent  to  an  altitude  of  8,000  meters ;  that  the  only  chance 
for  reaching  alive  that  altitude  in  a  balloon  is  by  making  the  rate 
of  ascent  above  7,000  meters  very  slow,  giving  1 2  hours  at  least 
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to  t)io  next   1,000  meters,  and  u  rate  half  as  fast  tor  tfac 
beyond  j  that  better  arraiigemeiits  for  carrying  uj*  air  or 
to  supply  the  breathers  may  be  of  seirioe;  that  mau  rcarheti 
thu  upward  limit  of  atmospheric  investigatiou. 

8.  Protractinif  Sextant — At  a  recent  mectioe;  of  the  Califoni 
AcHdcmy  of  Sciences,  Mr.  T.  J.  Lowry,  of  the  U.  S,  Coast  Simfj, 
deBcriWd  a  new  instmmi^iit  invented  by  him  which  may  pniTt  if 
tho  higheBt  value  in  surveviog,  etipecislly  in  liydrograpW  m- 
Teyiiig.  It  is  badcd  upon  toe  principles  of  the  ironimou  s«iuu, 
but  by  it  two  acUauent  angles  can  be  at  oatx  measui-ed  bv  cw 
obiterver.  Immi.>diately  after  the  observatioa,  moreover,  theb 
atrunient  wilhout  change  can  be  laid  as  a  protractor  ujKin  Ik 
chart,  and  the  place  of  the  oli«erver  pricked  down,  the  prinopli 
involved  beiiie  that  of  the  "  three  point  problem," 

4.  Mean  Meifffit  of  Europe. — I>r.  Gubtav  Lkipoldt,  in  s  w- 
cently  published  work  oulho  '*Meaii  Height  of  Kurope,"  after  u 
elabi>rate  caloulutiou  founded  on  a  broad  baaia  of  niea^ureniHi^ 
concludes  that  it  is  2fl6-838  meters,  92  meters  higher  than  tlicot 
culation  of  A.  von  Humboldt,  who  indeed  mado  out  the  avenp 
altitude  of  all  the  land  on  the  earth  to  be  about  aiis  meters.  TV 
mean  height  of  Switzerland  Leipoldt  makes  to  be  1299-01  metcn, 
vrhile  that  of  the  Netherlands  is  only  O-fll  meters.  That  of  Gral 
Britain  is  217-70.  Further  interestmg  details  will  be  found  ii>th( 
April  number  of  Petermann's  Mittheitnngen. — M'ature,  April  15. 

5.  Smit/ts'iniaii  Jteport  for  1873. — The  pa[icra  in  the  AppeoJii 
to  this  Re[jort,  which  give  it  special  scieutitic  value,  are  thc-ful- 
lowing:  liiugraphies  of  Barbagb,  Aoassiz,  Torrbt,  G.  Giub^; 
J.  C.  U ALTON  on  the  origin  and  propagation  of  disease;  IIeu 
HOLTz  on  maihem.itical  theories;  Clekk  M^lxweix  on  action  >t 
a  distance;  B.  A.  GoDLh  on  the  Cordoba  Observatory ;  E.  JU.tiiXT. 
estimate  uf  the  population  of  the  world;  A.  Morin  on  w&rmiD^ 
and  ventilating  occupied  buildings;  E.  L.  de  Fubkst,  addition 
to  a  memoir  on  methods  of  interpolation  applicable  to  the  grailrt- 
at  ion  of  irregular  series ;  Scuuuaker  on  the  Kjokken-Mdddiiigit 
of  N.  W.  America;  H,  Uehendt  on  a  grammar  and  dictionary 'jl 
the  Uavil  language ;  H,  Gilman  ou  the  mound-builders  and  platy- 
oncmism  iu  .Michigan;  T.  >I,  Pkrri.ve  on  the  antiqaities  of 
Union  Co.,  niinois ;  W.  H,  Dall  on  explorations  on  the  w^ten) 
coaat  of  N.  America;  W.  M.  Pikbson  ou  the  discovery  of  a  large 
meteorite  iu  Mexico  ;  K  11.  Hrunot  on  the  habits  of  the  BeavtT; 
W.  a.  Jbvo.vs  on  a  nalioua)  librar/,-  jjjjJ  a  list  of  Pj-izu  Questiiw* 
isHucd  by  Scientific  Societies. 

6.  Expedition  for  the  Oeologkal  and  Geographical  Surtigof 
ths  Territories,  for  1875. — ^Tlie  amount  appi-opriated  by  the  la-i 
Congi-ess  for  the  U.  S.  Geological  and  Geo^raphicul  Survty  ''I 
the  Territories  under  the  direction  of  F.  V.  Haydoii  was  $7S,O00 
for  field  work,  and  $iO,000  for  engraving  illustrations,  niap»,  Jet- 
Six  pai-ties  will  take  the  field  iu  various  portions  of'  Coior:i'l'> 
ahinit  the  first  ot'.Iune,  Mr  J,  T.  Gardner  will  currv  the  priiuary 
trianguliilioii  of  the  area  between  hit.  38°  45'  and  39°  15  ;  |i>"ir- 
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104*»  30'  and  109°  30'.  Mr.  A.  D.  Wilson,  diief  of  field  party  No. 
1,  will  survey  an  area  in  the  southern  part  of  Colorado,  with  a 
portion  of  northern  New  Mexico  lying  between  lat.  36°  45'  and 
87°  46',  long.  105°  and  108°.  Mr.  Henry  Gannet,  in  charge  of 
field  party  No.  2,  will  occupy  the  area  between  lat.  38°  and  39° 
15'  and  long.  108°  and  109**  30'. 

Field  party  No.  3  will  survey  the  area  in  the  southwestern 
Colorado  between  lat.  36°  46'  and  38°  and  loner.  108°  and  109"* 
30'.  Field  party  No.  4  will  complete  unfinished  areas  in  central 
and  eastern  Colorado.  The  photographic  party  under  Mr.  Jack- 
son will  make  a  study  of  the  ancient  rivers  in  southern  and 
southwestern  Colorado  and  also  some  special  st\ulies  of  remarka- 
ble mountain  scenery  in  various  portions  of  the  Territory. 

It  is  expected  that  at  least  four  of  the  six  sheets  of  the  Colo- 
rado atlas  will  be  completed  this  season,  with  portions  of  the 
other  two.  The  maps  will  be  issued  as  geological  as  well  as  topo- 
graphical maps,  in  the  final  atlas. 

7.  National  Academy  of  Sciences, — The  following  is  a  list  of 
the  papers  read  at  the  session  of  the  A  ational  Academy  of  Sci- 
ences, held  on  the  20th  to  the  22nd  of  April,  1875  : 

Results  derived  from  an  examination  of  the  U.  S.  Weather  Maps  for  1872-3-4; 
£.  Loomis. 

Notes  on  observations  of  the  transit  of  Venus ;  G-.  Davidson. 

On  an  improvement  of  the  present  civil  or  Gregorian  calendar ;  J.  P.  Bradley. 

Results  of  experiments  on  the  set  of  rectangular  bars  of  wood,  iron  and  steely 
resulting  from  a  transverse  stress ;  W.  \ .  Norton. 

Note  on  Goldschmid's  Aneroid  Barometer;  J.  E.  Hilgard. 

Progress  of  Second  Geological  Survey  of  Pennsylvania ;  J.  P.  Lesley. 

Orography  of  the  Catskill  group  of  mountains;  A.  Guyot 

Report  of  the  Committee  on  Weights,  Measures  and  (*ouiage;  F.  A.  P.  Bamnrd. 

On  the  observations  of  contacts  in  transits  of  Venus  and  Mercury;  S.  Newcomb. 

New  formula  for  the  deflections  of  rectangular  bars  or  beams,  resting  on  sup- 
ports and  subjected  to  a  transverse  stress:  W.  A.  N>>rton. 

Size  of  the  brain  in  extinct  mammals ;  O.  C.  Miirsh 

Account  of  researches  in  Solar  Physics  made  at  the  Allegheny  Observatory 
during  the  past  four  years ;  S.  P.  Langley. 

Use  of  the  Stereoscope  in  the  study  of  Solid  Geometry ;  J  imes  D.  Warner. 

On  the  mterpolation  of  a  change  of  sign  by  passage  through  infinity  of  a  mathe- 
matical function  expressive  of  a  physical  phenomenon ;  a  curious  particular  case 
in  the  theory  of  tides ;  J.  G.  Bamai-d. 

Discussion  of  the  Laws  of  Atmospheric  Circulation,  by  Prof.  James  K.  Coffin 
(now  deceased) ;  Selden  J.  Coffin. 

Influence  of  Arsenical  compounds  upon  Vegetation ;  Wm.  McMurtrie. 

Preliminary  account  of  results  of  a  Mat^netic  Survey,  made  at  the  charge  of  the 
Baclie  Fund ;  J.  E.  Hilgard. 

Relations  of  some  of  our  ancient  Fossil  Fishes  to  living  Fonns ;  J.  S.  Newberry. 

On  areas  of  Cold ;  by  A.  Woeikof. 

8.  Mastodon  of  Otisville^  Orange  County^  N,  Y. — Prof.  Marsh 
has  secured,  for  the  Peabody  Museum  of  Yale  College,  tho  skele- 
ton  of  a  large  mastodon,  exhumed  by  Mr.  A.  Mitchell  on  his 
grounds  at  Otisville,  seventy-live  miles  from  Xew  York  and  within 
a  mile  and  a  half  of  the  Erie  Railroad.  -The  bones  were  fouml  on 
and  in  clay  beneath  a  deep  bed  of  muck,  and  are  in  an  excellent 
state  of  preservation.  This  Otisville  mastodon  is  the  si.vth  that 
has  been  found  in  the  swamps  of  Orange  County. 
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9.  StalUlical  Atlai  of  fhe  United  States,  btiaed  on  the  raulu  nf 
the  Xinth  Vetigm,  1870,  witli  eoiilributioiiB  frnm  many  euiirwifl 
mt'ii  of  eoieuc4?  ami  from  several  dcpartmoDts  of  the  Govcmtni'nt 
Compiled,  uniler  antbority  of  Coiiiiress,  by  Francis  A.  Waikee. 
M.A.,  Snperinlendent  of  tlie  NliitJi  Ccubiib,  Professor  of  Politid 
Kconomy  nn<l  Iliatory  in  the  Sheffield  Seientifio  School  »f  Yale 
College.  Ill  Irtrjre  folio.  (Julius  liieu,  Litli.) — Tlte  piiblicaiim 
of  P»rt8  2  nnd  3  of  this  Atlne  han  beeu  already  annouiiced  oa 
page  7f  of  this  volume.  Parti  cotn()lete«  the  great  work.Milii 
a  most  sniisfactoiT  manner.  Among  lU  maps  there  is  one  of  ^mt 
iuterest  showing  the  distribution  of  wood-laud  in  the  United  SUirt. 
by  Prof  Wm.  11.  lirewer;  another  giving  &  hypnometric  viewrf 
the  Horfftce,  prepared  from  daW  furiiUhod  by  Prof,  Guyut  ul 
C,  A,  Schntt  of  the  O.  !S.  Coaal  Survey ;  others  illustratiug  llie 
meteorological  charaeterislica  of  the  coniilry;  one  giviug  tliedb- 
diatrihndon  nf  the  Coal  fields,  eompiletJ  by  Prof.  C.  II.  lliu-haxi; 
and  one  wbioli  is  an  excellent  geological  chart  of  the  l'uit«>l  Staitit 
18  by  2ft  iiicht'S  in  wte,  by  Profs.  C.'H.  Hitehcock  and  W.  P.  Blijx. 
Thin  geological  cliart  ban  tieeii  pre|)ared  with  euro  auil  ia  boantitil 
in  it*  lithography  and  coloring.  In  fact,  tbe  whole  work  is  tiitfilf 
crvditable  to  the  photolithographic  establif^mL'ut  of  Mr.  K«. 
The  ma|)s  are  accompanied  by  many  pages  of  text  living  expl*» 
tory,  descriptive  and  statisticiU  information.  We  «&fer  to  anotiitr 
number  a  more  extended  notioe  of  the  Atlae. 

in,  P-pulir  S<-irii.-e  ZiArur*/.— Under  this  litk-  D.  Appletoni 
t'.'.  an-  [luMisbing  a  valuable  series  of  small  works  iu  Science.  Tht 
foll.nvini;  have  been  issued:  Ileiiith,  by  Koward  Smith,  F.RS; 
Thf  \.it'.f,il  IFiet-ry  of  Ma;,  by  Prof."  A.  de  Quatrepages;  71( 
iVcfV;- .f  ■■/  -Vr--.<V,  by  ^eplkv  Tatlok;  QiUline  of  tAe  Ef-iutm 
J'M/-M'j-/.</.  \<\  l>r.  K  Cazki.li:,  with  an  Appendix  bv  K  L  Yor- 
lilAV;.,  M  1>.,  I'll  U'r/Tt  >/>^/..cr  utid  the  Jioctriue  of  Erul'ithm, 
giviiij:  :i  I'rii!"  t\ini?iti<iii  of  the  views  and  claims  of  S)>encer. 

1 1.  .V.  tp  York  .i^iilfiiit/  of  Sciftir«t.^T]ie  Lyoeuno  of  Nainnl 
llisi.irv  of  Si'w  York  has  recently  eh  a  n-jeil  its  name  to  Xew  York 
.Vjideniv  of  Scicncci*. 

12,  {Ttolouieiil  S^Mg  of  /.oi'd'tt.— Dr.  P.  V.  IUvi.es  hti 
Ini'n  riveully  elected  Foreign  Correspondent  of  the  Geoiogiol 
S<H'icty  of  L*Hidon- 

Ufe  i>(  )ik)Ti-ht»iiL  bj  Airliibttld  G«iki«.    2  vols.     London.  1875.     (Uumj) 

^HCPineilt  and  Kipcintioa  of  ofrbiRi  HanDooiee  of  the  Sotar  Srstem.  br  fUe^te 
AWismtfr.  rrof.  Ann?a.  Ctoli.  of  Smt  Jereer.  9«  pp.  ixo.  1875.  amiUauniM 
CMtritnitMn*  i»  KnowM^  No.  ISO. 

Hat(.tio<ir  RccrMtitH^  ia  Xaliml  lliitorr  of  Bene  anil  LaorsaL  Bo^toB.  I!  «> 
SO  [taff«A  (41.41  — )laU-br<ar$  via  Ltsectt.  Putt  4  and  ;,  by  A.  S.  Pai:fcird,  Ji- 
Thu  t)  Wi*l  Kporti  of  our  titote.  br  AlexandeT  Bnan- — The  Sun  and  the  E»rtli.  ^ 
Tnit  Rilf.Kir  Strvan.  F  RS, :  FMw  li&ethiaBj  nplainod.  bv  J.  W  Pbe!(*- 
TSr  IfrsI  n^rtmr  of  timv  Hatf-tMur  BccnaAnj.  nDmbetine  47  S  p«g«fl.  int  tra 
bnav4  tvT  tb«  KiNiAcTK  in  ■  haiajtwnii  lona. 

OM*i.i«w  oi  tbe  FUbm  of  Iha  Eael  (^h«  of  Sortli  America,  bv  Tbeodon  GilL 
Vaji&iiKiiw.  1?:i.     Ji  ji^  Stm— S»iflBciM»»  UbtxOaBeow  CotlMiiMa. 

.\-<iuiK<Mt  b-r  J  S  Lockyer.  hrtas  So.  VH  of  Scimoo  ["riiDera.  edited  bj  Pro- 
l««Mn.  Hdikv.  fU«c«  vaA  «dSm  %e«>«.  VM  99.  IfiBM,  ^idi  laaj  t« 
UhutrM>.<«i9.     ASli     VBl  ^fymnkCo^ 
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npounds,  462. 
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ociety,  medal,  407. 
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is,  158. 

B 

inual  of  Science  and  In-! 
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'om  apples,  306. 
,  Flora  Brasiliensis,  66. 
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Botanical  Society,  publications,  noticed, 

67. 
Botany,  progress  and  present  state  of 

systematic,  BerUhamj  Oray^  288,  346. 
Botany — 

Amsterdam,  L,  404. 

Filicum,  synopsis,  noticed,  473. 

Florida  plants,  67. 

Flowers  in  relation  to  insects,  324. 

Mace,  154. 

MimosesB,  notice  of  Bentham  on,  471. 

Roses,  attar  of,  324. 

Varieties,  do  they  wear  out?,   Gray^ 
109. 

See  further  under  Geology. 
Boutj/j  magnetism,  396. 
Bradley,  F.  H.,  Silurian  age  of  Southern 

Appalachians,  279,  370. 
Broadhead,  G.  C.,  artesian  boring  at  St. 

Louis,  61. 
geological  report,  noticed,  148. 
Brodie,  synthesis  of  methyl  aldehyde, 

139. 
Brush,  G.  J.,  Determinative  Mineralogy, 

noticed,  153. 
^tichan^  A.,  climate  of  Scotland,  408. 
Buchner,  diphenyl  in  coal  tar,  391. 
Buckley,   S.  B.,  geological   report,   no- 
ticed, 152,  224,  330. 
BtAmham,  S.  W.,  duplicity  of  the  prin* 

cipal  star  of  2  1097,  302. 
re-discovery  of  double  star,  H  I.  41, 

457. 

0 

Offisium  and  rubidiimi,  reaction  of,  304. 

CaiUetety  influence  of  pressure  on  com- 
bustion, 395. 

Canadian  research  in  1874,  236. 

Carbonylep,  464. 

Carbon,  specific  heat  of,  466. 

Carpenter,  W.  B.,  work  on  the  micro- 
scope, noticed,  238. 

Castrctcane,  F.,  diatoms  in  Garboniferons, 

Cave-dwellings  in  Kentucky,  480. 

Cedriret,  392. 

Chatin.  Organogeny  of  androecium,  no- 
ticed, 154. 

Chemical  sub-section,  Amer.  Assoa  Adv. 
Sci,  397. 

Chemistry,  centennial  of,  158. 
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Htcd,  ■tlo. 
Ollinntn,  chan^  In  Sootland,  4DS. 
Cii-niliinioue,  39S. 

Colom,  Yoijug'e  diBcOTery,  Mayer,  S51. 
Oombiiatlan,  inllu^ncp  of  pressure  on,  31IA. 
ComoW,  talla  of,  ParMurrt.  37. 
Cotnot  III,  lAn2,  Scbiapsjelli's  ohserva-' 

tioii*  on.  *Ofl,  I 

CoDdOQ,  T.,  geologiral  TSport,  401.  I 

Cook.  <i.  II.,  ^oolo^oU  rvport,  41)1.         ; 
Com,  R.  D..  on  (null  rortabnitea,  no- 

tiood,  IBl,  31)1,470. 
Oanut,  T»locltr  of  light,  aiH. 

rcQvclIng  lerer,  SOT. 
Oouw,  K..  MiiriOai,  notdtwd,  330.  ; 

Birdnof  Nortliwost  noticed.  -106.     ! 
Orva,   mihmergeDM   during  QIadd  po- 

rtort,  .lis, 

D 

Dana,  R  S.,  diondmdlte  cry^UiU  from' 

Bnumtei-,  N.  Y-.  63. 

Otuta.  J.  D.,  Qotioe  of  HiiU  on  porphjrj 

of  Lamlwjr,  SS.  ' 

nMloe  of  HuntV  Gsmtb,  lul.  I 

idllnato  of  Qlicial  period.  313,  398.  ! 

on   GroU's    theo)?  for   change    of. 

mMr-knl,  31A. 

noiiop    of   Shaler    oo    Champlain 
iJiniigf  iif  lovrl,  .llti, 

Koi'li'x  »tndpni«  OD  cotemponmcitjr 
«(  nimi  *ud  mulodon,  33i.  S98. 

>>ii  iron  orrtf  A&d  R|ietite  aa  evidence 
of  Ar>'!i.inu  life,  'it. 

TpM-lxH*  of  lieulogy,  notiiwl.  158. 
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D»iilini«.on  platiniferotu  nx'fca,  of  I'rals, 

470. 
Atrxt^Mk  truiNl  of  Tenuc  loi. 
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Electric  cntreot*  action  on  allo.*^,  til    I 
machme?,  magneto-.  2IG. 
spark,  effect  of  Bune  on.  S». 

Electrical  discharges  from  dialu.  &iL  IH 

'        polarization,  144. 

I        reHialance,  143. 

Electricity,  frictionaL  397. 

,Eleotn)«tattc  induction,  SI. 
ElevatioD,  see  haght. 
lEoein,  new  coloring  matter,  393, 
Brlmiaeysr  aai  Sigd,  Bjntheels  of  Wa 

ncld,  UO. 
.Ethyl  phoBphata,  303. 
I  sucdnate,  acUoD  of  poturiim  n 
I  Kfjotti,  120. 
Europe,  mean  height  of,  483. 
^Btner,  F.,  pa«ag«  of  gmaM  Uinngl 
j     liquid  fl!i~"   ""  ' 


Ftiickiger    and     Hauborr,     riuniiM»' 

I    gnkphia,  noticed,  1S3. 

Ibataint,  W.  JC.  e'soiogT  of  Sloe  M 

in  Tirgiiua,  14.  93. 
I        Primotdial  of  Vuginia,  361.  (H 
FhrA  S.  W..  Primordial  fos^  3W. 
Fortnip  Hcid.  placial.  31S. 
Foster   and    Balfour.    Kmbrrologj.  i» 

tiOMl.  480. 
Fruer.     P.,    Jr.,    tuinualogiciJ   s<H 

noticed,  O.";. 
on  lunonile,  Dotioed.  411. 
Fries,  K.,  work  on  fungi,  notieod,  lU. 
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GalTanoneler. 
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Qeological  Report,  Pennsjlvania,  225. 
Texas,  152,  224,  330. 
Territories,  (Hajden's),  59, 152, 
226,  482. 

^Vheeler'8,  226,  328. 
Victoria,  150. 
Qeological  Hurvej,  40th  Parallel,  62. 

WisooDsin,  39H. 
Geology— 
Appalachians,  SOurian  age  of,  Bradley^ 

279,  370. 
Artesian  boring  at  St  Louis,  61. 
Basalt,  structure  of,  Malktt,  206. 
Blue  Ridge  in  Virginia,  /bntoine,  14, 93. 
Calamodon,  151,  228. 
Carboniferous,  diatoms  in,  222. 
Goal  beds,  parallelism  of,  221. 
(k>al,  from  Middle  Park,  146. 
in  Patagonia,  323. 
in  British  America,  age  of,  236, 
311,  318. 
Gold  of  geological  epochs,  313,314, 398. 
Gosta  Rica,  Gabb,  198,  320. 
Gretaoeous  flora,  Lesquereitx^  227. 

in  British  America,  230,  311, 318. 
Diabase,  190. 

Erosion,  wind-drift,  OUberi,  151. 
Glacia]  period,  climate  of,  313,  398. 
submergence  during,  315,  316. 
scratches  nearL.  Winnipeg,  312. 
discharge  of  Lake  Winnipeg  into 
Mississippi,  313. 
Qreeoe,  Miocene  flora  of,  154. 
G-ulf  of  Mexico  in  Miocene,  320. 
Hemaiite  deposits,  /Vime,  433. 
Insects,  etc,  from  Permian  of  Saxony, 

332. 
Lake-basins,  ancient,  MaraK  49. 
Lignitic  of  Vancouver  I.,  age  of,  318. 
Lithology  no  tedt  of  age,  310. 
Mammids,  new  order  of  Eocene,  Marshy 
221. 
new  Tertiary,  Marah,  239. 
Maine,  changes  of  level  on  coast  of  ,3 1 6 
Mastodon,  Koch  on  contemporaneity 
of  Man  and,  Dana^  335,  398. 
new,  222. 
Minnesota,  valley  of,  313. 
Miocene,  Gulf  of  Mexico  in,  321. 
Mountains,  formation  of,  404. 


OUbert,  G.  K.^  wind-drift  erosion,  151. 
Giraud^  composition  of  tragacanth,  463. 
Gira/rd^  explosiveness  of  methyl  nitrate, 

391. 
Glan^  P.f  reflection  by  glass,  143. 
Godejfroy^  new  salt    and  reactions    of 

cssium  and  rubidium,  304. 
Gdpner^  hydrate  of  chlorine,  461. 
Gould,  B.  A.,  74. 

Gramme^  magneto-electric  machines,  216. 
Gray  J  A.^  botanical  notices,  65,  153,  323, 
471. 
Jeffries  Wyman,  81,  171. 
Do  varieties  wear  out?,  109. 
Bentham  on  progress   and  present 
state  of  botany,  288,  346. 
on  Hydrophyllacis,  noticed,  474. 
Gfipofij  M.E,y  sympathetic  vibrations,  141. 
Griseback,  Plantee  Lorenzians,  noticed, 

474. 
Grote,  A,  /?.,  Francis  Walker,  76. 
Cotton  worm,  232. 


Hall,  J.,  on  State  Museum,  noticed,  151. 
Harrington^  B,  J!,  dawsonite,  64. 
Hawes^  G.  W.j  trap  rocks,  185. 

diabantite,  a  chlorite  in  trap,  454. 
Hayden,  P.  V.,  geological  report,  noticed, 

59,  152,  226,  482. 
Bellj  organic  acids  of  petroleum,  138. 
Ueer.  0.,  Arctic  flora,  noticed,  401. 
Height  of  datum-points,  309. 

mean,  of  Europe,  482. 
Hitchcock  and  Huntington,  geological  re- 
port, noticed,  152,  222. 
Hofmann,  identity  of  ocerulignone  and 
cedriret,  392. 
eosin,  new  coloring  matter,  393. 
Hooker  and  Baker,   Synopsis   Filicum, 

noticed,  473. 
Hooker,  J.  D.,  Flora  of  India,  noticed, 

473. 
Hoppe-Seyler,  ursematin  from  hftmatin, 

141. 
Hull,  E.,  porphyry  of  Lambay,  58. 
on  volcanic  phenomena,  147. 
Hunt,  T.  S.,  deposition  of  sediment,  61. 

notice  of  essays  of,  Dana,  102. 
Huxley,  on  Amphioxus,  noticed,  404. 
Opisthoptera  and  Anomalodonta,  318.  | Hydrocyanic  acid,  detection  of.  Lea,  121. 
Porphyry  of  Lambay,  58.  (Hydrogen  peroxide,  atmospheric,  211. 

Primordial  and  Canadian  of  Wisconsin,  Hydroxylamine,  465. 

Irving,  440.  structural  formula  of,  394. 

Primordial  fossils.  Ford,  204. 

Primordial  of  Virginia,  361,  416.  I 

Prototaxites,  469.  Irving,  R. ,  Primordial  and  Canadian  rocks 

Sediment,  deposition  of,  61.  of  Wisconsin,  440. 

Tertiary  in  British  America,  236,  311. 
Trap  rocks,  Hawes,  185,  454.  » 

Urals,  platiniferous  rocks  of,  470.         James,  IT.  P.,  Catalogue  of  fossils,  no- 
Ziroon-syenyte  of  the  Canaries,  162.    I    ticed,  471. 
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Kdu  in.  Mane,  3b8. 


pseudomorphs.  ■(■)3. 

.^crophTr.cLt.       Tr^moliie.  auinkf^^utiron.  l^ait.  m. 

Vinintf  Eninii«er!.  Irai:M>-tioDs  of  lafti- 

tiiie".?f.  notiLtii  :i:(3. 

rchangesoL   Uivarl.  ihe  I'onmion  Fna.  noticed.  156. 

Jtit'iT.  S.  J'.,  effect  oE  Oame  cm  eiecCric 

inauceU  cur-  Jf^w.  ir  K.  induced  curreita  in  mig- 
ic  engine.  3B6. 
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Musde,  work  done  by,  itft]pA«r,  130. 


Naturalist,  American,  noticed,  68. 
Nebulse  of  Herscherscatalogpie,  Abbe^  42. 
Newberry,  J.  8.,   Surface  geology,  no- 
ticed, 468. 
>     Kewcomby  S.^  transit  of  Venus,  388. 
Neyreneuf^  electrostatic  induction,  54. 
Nipker^  F.  E.^  work  done  by  muscle,  130. 
Nitroparasulphobenzoic    add,    JRemaen^ 

117. 
NbrdenakioUd,  A,  E,,  ooemical  dust,  145. 

0 

Obaehj  M,  £,  action  of  electric  currents 

on  alloys,  467. 
Oftermayer,  viscosity  of  gases,  465. 
Obttuabt — 

Anderson,  Thomas,  76. 

Argekmder,  F.  W.  A.,  327. 

D'Halloy  FOmaUus,  238. 

Hanbury,  Daniel,  475. 

Hooker,  Mr&,  68. 

Jardine,  William,  76. 

Lankester,  Edward,  76. 

Lowe,  Richard  T.,  68. 

Lyell,  Sir  Charles,  238. 

ICoggridge,  J.  T.,  69,  154. 

Pritzel,  George  Aug.,  68. 

Walker,  Francis,  76. 

Wyman,  Jeffries,  Qray,  81,  171. 
Obseryatory,  Cordoba,  74. 
Ocean,  see  Sea, 

P 

Papillon,  F.,  Nature  and  Life,  notioed, 
480. 

Parasulphotoluenic,  Remaen,  115. 

Paratoluric  acid,  Bemaen^  1 15. 

Parkhurst^  H^M,^  tails  of  comets,  37. 

Pendulum,  horizontal,  Rood^  444. 

Petroleum,  organic  acids  of,  138. 

Ftekering^  E.  C.,  physical  notices,  53, 141, 
215,  307,  395,  465. 

Pipe  of  reindeer  era,  229. 

PiaaH  and  J>«  fyanchia,  expansion  of 
phosphorus,  217. 

Phoephenylous  add,  213. 

Phosphorous  acid,  303. 

Phosphorus,  expansion  of,  217. 

Phthalic  addf  and  anthraquinone,  140. 

Planeti  new,  Wotoem,  48. 

Poisons,  effect  of,  on  mollusks,  155. 

Polarization,  elec^cal,  144. 

Potassium,  action  of,  on  ethyl  succinate, 
Remam^  120. 

Powell,  J.  W.,  on  Gallons  of  Colorado, 
noticed,  74. 

Prescott,  A.  B.,  Organie  Analysis,  no- 
ticed, 215. 
on  alcoholic  liquors,  noticed,  329. 

/Vtme,  F,,  Jr,f  hematite  deposits,  433. 


Putnam^  F,  TT,  blind  fish,  etc.,  of  Mam- 
moth Cave,  409. 


Quinckey  M.  O.,  electrical  polarization, 
144. 

B 

Radziejewski  and  SaUuHoskij  asparaginic 
add  from  pancreatic  digestion,  141. 

Rath,  G.  vom,  on  serpentine  pseudo- 
morphfl,  403. 

Reflection  by  glass,  143. 

RerMen^  /.,  paratoluric  acid,  nitropara- 
sulphobenzoic add,  action  of  potassium 
on  ethyl  succinate,  115. 

Refraction  of  thin  plates,  index  of,  308. 

Rice^  W.  K^  effects  of  poisons  on  mol- 
lusks, 155. 

Rockwood,  C.  (?.,  recent  earthquakes,  331, 
459. 

Roody  0.  Kf  horizontal  pendulum  for 
measurement  of  minute  changes  in  di- 
mensions of  solid  bodies,  444. 

Roscoe  and  SchuHer^  absorption  spectra 
of  potassium  and  sodium,  211. 

RossetH,  frictional  electridty,  397. 

I^Holandj  H.  A.,  diamagnetio  attachment 
to  lantern,  357. 

S 

Sachs,  J.,  botanical  work,  noticed,  69. 

I  Salicylic  add,  antiseptic  action  of,  214. 

Salt,  new,  304. 

■Sands,   B.   F.,  meteorological  observa- 

I     tions,  noticed,  327. 

Sarcolactic  add,  214. 

Sars,  G.  0.,  on  development  of  Crustacea, 

I    etc.,  noticed,  230. 

,Schiff,  £r.,  hydrate  of  chlorine,  461. 

ISdmiidt,  0.,  Descent  and  Darwinism, 
noticeid,  326. 

Schone^  atmospheric  hydrogen  peroxide, 
211. 

Schott,  C.  A,y  secular  changes  of  mag- 
netic declination,  25. 

Schuize,  maltose,  140. 

Scott,  J.,  on  tree-ferns,  etc.,  noticed,  65. 

Scudder,  S.  II.,  Insects  of  New  Hamp- 
shire, noticed,  232. 

Sea-bottom,  nature  of,  72. 

Selioyn,  A.  R.  C,  lignitic  of  Vancouver 
Island,  318. 
geological  report,  noticed,  309. 

Sextant,  protracting,  482. 

Shaler,  N.  S.,  changes  of  level  on  coast 
of  Maine,  noticed,  316. 

Silicon,  specific  heat  of,  466. 

Silver  iodide  and  bromide,  action  of  light 
on,  Xea,  269. 

Smith,  E.  A.,  geological  report,  noticed, 
400. 

SmiUhy  S.  Z,  zoological  notices,  230. 


I 


amOk,  a.  /..  («T«  cmHaceui 
SnithBonian,  pablioatlou,  noticed,  32B,| 

tS2. 
Solar,  eve  Am.  { 

Sound,  pitali  of.  and  ite  resMtuJ  WDsa- 

tion,  Mayrr,  ^IST.  ; 

Spectm,  projectjon  of  PniiuiliotoT  Unoei 

ol,  Ihai>f,  21. 
aliHOrptiOD,  ot  potaeaium  Hod  sodiunt. 

313.  I 

8p«ctruEn.  maps  of  coliir.  301. 
ftjhoromWcr,  roflerting.  31)7.  i 

^mUifUHiiidtW.,  polarlnitioii  of  light,  G5,| 
filar  ot  1  tn&I,  duplicity  of  priticip«l,| 

Burnham,  3tr2.  f 

Star,  rv-dlacoverr  of  double,  H  L  41,( 

Bvnihani.  i(T.  | 

StnwnfOH,  J.  J.,  paralleliam  of  coal  beds,] 


I  roMonf,  metbrl  atdehnle  ud  & 


321. 

Su^r,  inHuGnre  of  li^t  on,  3UB,  ' 

!□  malted  frrnio,  463.  ' 
eynthwiE  of  bu  inomer  at,  139. 
Sultitant,     W.    8.,    loona*   Mii»c(»rum.| 

notioed,  333.  I 
PulphuroUB  Bddn  and  aalphatea.  ISS.      j 

Bun,  ecllpiie  ot  April  16,  406.  I 

clemBnts  la,  Lndcyrr.  439.  | 

miipB  of  fpertnim,  3117.  , 
NtnictuiP,  Lanyley,  192, 
SwiiU'.w,  0    C,  geological  report,  no- 
ticed, 63. 


Thimsfn.  C.  W..  tetiAottoa,  13. 
TImnj,  action  of  lifiht  on  frogs,  330. 
Trsgnnanth,  compOBiUon  of.  463. 
Trowbriilge,  J,,  Oaugniu's  gaJTanometor, 

383. 
Tuning  forkB,  lawH  ot  M. 

V 

TTrttmntin  [ram  hupmiittn.  141. 

V 
Vemi^  HH  R  luminous  rin^,  Lyman,  47. 
Btmosphere  ot,  47,  327. 
tranitil  of,   74,   16T,   234,   235,  AViu- 
eiymh,  ;ig8, 
VrrriB,  A.  E.,  gigantic  cepbiilcpoils,  1 23, 
177. 
^"ologicfll  notiOBB,  ISfi,  40B,  477. 
drcilging  oxprnlitions  on  the  coast 
ot  Now  Kngliind,  411, 
Vihnitiona  in  orgonptpea,  Lmering,  219. 
Vibnitiiinfl,  sj-nipntli    "      " 


r,  LeOm: 


J  47, 


]a9. 


W 

Wagner  ftnd  Sa^t^-Jf.  new  isomer  of  iBjl 

aloohol,  .104. 
Walker,  F.  A.,  SUtiHliml  Atlai,  oM»l 

74,  4S4. 
Warrcii,  G.  E.,  on  t«11oj  of  tla  Ibrn^ 

mXa.  ti(itu«d,  313. 
WaOoH,  J.  C.  new  plant,  48 
Wataon,  &.,  botaaicsl  works.  iwt^Bd.4)l 
Weather  maps,  results  fran  enmiulio 

of.  Lao/nia.  1. 
WAfT,  B,  F..  epecific  beat  of  nfti«.b» 

ron,  BCioon,  466. 
VTeietmch,  minerKlcwical  woric,  oeHiti. 

66. 
(VrUkaiut  Bindthrdler.  rclatioD  ot  piilit- 

11c  acid  to  anthraqiiiDcuie,  140. 
Whwlet,  G.  .y.,  geological  report,  not^ 

32H. 

Wbitaker,  W,.  rvcord  ot  g«ologic*i  IMr- 

atiire,  noticed,  339. 
White.  C.  A.,  note  do  Opjathoplera  lai 

AnomalodoDta,  318. 
gaological  report,  noticed,  336. 
Wiedemann,  index  of  retmclMni  of  Oit 

ptate^  30". 
Wright.  A    W..  ga^ee  tram  meteoric  Lm. 

im,  4a9, 


IhTl  pliosphite  and  pb* 
icjd,  .103, 

zdbtooT — 

Amrebft,  how  it  Bwallo  waits  food.  IS- 
AmphioniB,  4W, 
Cave  fauna,  40S,  479. 
Cladoccra,  deTelopment  of,  230, 
Cepholopod,  large,  336. 
Cephalopods,  gigantic,  rerria  123.1TT 

CnistaoennB  of  cares.  SmiOi,  476, 
DinloraB.  motive  pover  of,  1 5S. 
Dredging  expeditiooB  on  the  coki  oF 

Nan- England.   VerriH.  iU. 
Pish,  Blind,  of  Mammoth  CuTC  40S 
Frogs,  action  of  light  on.  230 
Gammaridie  in  Lake  Baikal,  328 
Inyertebrsles,  mariue,   Vtrrili,  411.' 
Ijohsler,  dei-elopmenl  of  EntiipMn,2ii 
Rhiiopod,  new,  479. 
Rhizopods,  Leidy,  70. 
Station  at  Naples,  406. 
Worms,  parasitic,  Leidy,  478, 
Varieties,  do  tliey  wear  outT,  f^l 

109. 
See  further  under  Geioloot. 
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